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Hypertension, diabetes and obesity
are associated with lower cognitive
performance in community-dwelling elderly
Data from the FIBRA study
Monalisa Fernanda Bocchi de Oliveira1, Mônica Sanches Yassuda1,2,
Ivan Aprahamian3,4, Anita Liberalesso Neri1, Maria Elena Guariento1
ABSTRACT. Background: Systemic hypertension (SH), diabetes mellitus (DM) and abdominal obesity may negatively
impact cognitive performance. Objective: To evaluate the association between SH, DM and abdominal obesity and
cognitive performance among cognitively unimpaired elderly. Methods: A cross-sectional study of individuals aged 65+
from seven Brazilian cities was conducted. SH and DM diagnoses were self-reported and abdominal circumference
was objectively measured. Individuals who scored below the education-adjusted cutoff scores on the Mini-Mental State
Examination (MMSE) were excluded. Results: Among 2,593 elderly, 321 (12.38%) had SH, DM and abdominal obesity
concomitantly (Group I) and 421 (16.23%) had none of the three diseases (Group II). Group I had a higher proportion
of individuals that were women, aged 70-74 years, illiterate and with lower income. Group I had a higher number of
participants with low cognitive performance (28.04% vs. 17.58% in Group II). Variables associated with poor cognitive
performance were: female gender (OR: 2.43, p < 0.001); and lower education (OR: 0.410, p < 0.001). The presence of
the three diseases and age were not significant in the education-adjusted model. Conclusion: There was an association
between cognition and the presence of SH, DM and obesity. However, education seems to be decisive in determining
cognitive performance in the presence of these three conditions.
Key words: cognition, hypertension, diabetes mellitus, obesity, elderly.
A HIPERTENSÃO, O DIABETES E A OBESIDADE ESTÃO ASSOCIADOS AO MENOR DESEMPENHO COGNITIVO EM IDOSOS
RESIDENTES NA COMUNIDADE: DADOS DO ESTUDO FIBRA
RESUMO. Introdução: Hipertensão arterial sistêmica (HAS), diabetes mellitus (DM) e obesidade abdominal são doenças

crônicas comuns entre os idosos e podem afetar negativamente o desempenho cognitivo. Objetivo: Avaliar a associação
entre HAS, DM e OA sobre o desempenho cognitivo de idosos sem comprometimento cognitivo significativo. Métodos:
Estudo transversal de uma amostra probabilística de indivíduos com 65 anos e mais, de sete cidades brasileiras (estudo
FIBRA). Variáveis sociodemográficos, diagnóstico de HAS e DM foram relatados pelos participantes e a circunferência
abdominal foi medida pelos pesquisadores. Aplicou-se o Mini Exame do Estado Mental (MEEM), excluindo-se os que
pontuaram abaixo da nota de corte ajustada para educação. Resultados: Na amostra de 2.593 idosos, 321 (12,38%)
foram identificados como tendo HAS, DM e OA simultaneamente (Grupo I) e 421 (16,23%) não tinham nenhuma das
três (Grupo II). O Grupo I evidenciou proporção maior de mulheres, idosos com 70-74 anos, analfabetos e renda mais
baixa. O Grupo I apresentou número maior de participantes com baixo desempenho cognitivo (28,04% vs. 17,58%
no grupo II). As variáveis associadas com baixo desempenho cognitivo foram: sexo feminino (razão de chances, OR:
2,43, p < 0,001); baixa escolaridade (OR: 0,410, p < 0,001). A concomitância das três doenças e a idade não foram
significativas no modelo ajustado para escolaridade. Conclusão: Verificou-se associação entre baixo desempenho
cognitivo e a presença das três doenças cardiometabólicas (HAS, DM e obesidade). No entanto, a escolaridade parece
ser decisiva na determinação do desempenho cognitivo na presença destas três condições.
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INTRODUCTION

B

razil is currently one of the countries with the fastest growing elderly population in the world. Despite
increased longevity, life expectancy free of disability is
59.8 years, or about 12 years less than the overall life
expectancy.1 Chronic diseases account for nearly 70%
of disabilities among the elderly in Brazil.2 Systemic
hypertension (SH) and type 2 diabetes mellitus (DM)
are the most common chronic diseases affecting the
elderly. Obesity is increasingly frequent among older
adults, and has been linked to major cardiovascular outcomes.3 These three conditions are core components of
the metabolic syndrome which is regarded as a group
of cardiovascular risk factors expected to significantly
impact public health costs and planning.4
SH is currently considered the main risk factor for
cardiovascular disease,1 and is also linked to cognitive
decline and dementia.5 Studies provide clear evidence of
the link between DM and cognitive decline, both independently or in combination with other chronic diseases.6-10 Although obesity is still more common among
younger groups, it increases the likelihood of developing
cardiovascular and cognitive disorders in old age.11-15 In
addition, obesity is associated with hyperinsulinemia,
increasing the risk of cognitive impairment, hypertension, diabetes mellitus, dyslipidemia, heart disease and
adverse cardiovascular events.9,14 SH, DM and obesity
are among the cardiovascular risk factors for dementia, and these conditions can be modified by preventive
interventions, pharmacological treatment or self-care
strategies.2 The metabolic syndrome, represented by
SH, DM and obesity, has been recently associated with
an increased incidence of mild cognitive impairment and
progression to dementia. Thus, identifying individuals
with metabolic syndrome is a promising approach in
early interventions to prevent or slow progression of
cognitive impairment.16
Sousa et al.2 noted that dementia is among the major
causes of disability in the elderly and that its prevalence is expected to increase as a result of world population ageing, with high social costs, in agreement with
recent epidemiological studies.17 Alzheimer’s disease
(AD) and vascular dementia (VD) are the most prevalent dementia sub-types among the elderly. They share
several risk factors and may be considered part of the
same continuum rather than distinct diseases.18-21 Cardiovascular risk factors are known to be influenced by
sociodemographic variables, such as sex, age, education
and income.2,22 However, population-based studies are
scarce in developing countries such as Brazil, the most
populous country in South America. In addition, the

interplay between these variables and cognitive performance in old age is not well understood. Therefore,
the objective of the present study was to compare the
cognitive performance of cognitively unimpaired community-dwelling elderly with self-reported SH, DM and
objectively measured abdominal obesity concomitantly,
with age-matched individuals without these conditions.
In addition, we investigated whether having SH, DM and
abdominal obesity concomitantly was associated with
lower cognitive performance and whether this association was affected by sociodemographic variables.

METHODS
Participants and procedures. This cross-sectional anal-

ysis is part of the FIBRA (Frailty among Brazilian
Elderly) study, a population-based multicenter investigation of the frailty profile of Brazilian elderly. It
involved random samples of elderly aged 65 and over
living in the community stratified by sex and age,
recruited from seven cities across the country: Belém,
in Northern Brazil; Parnaíba and Campina Grande,
in the Northeast; Campinas, Poços de Caldas and
Ermelino Matarazzo, in the Southeast; and Ivoti, in the
South. The population census tracts in each city were
used to calculate sampling units. For cities with populations over 1 million – Campinas and Belém – 90 census
tracts were drawn. For the remaining cities – with less
than one million inhabitants - 60 census tracts were
drawn, except for Ivoti (in the state of Rio Grande do
Sul), in which the entire universe of census tracts was
considered.23 To guarantee an estimated sampling
error of 5%, in larger cities, the sample comprised at
least 601 subjects, whereas in smaller cities the sample
comprised at least 384 subjects for a 4% sampling error.
A total of 3,476 participants were recruited at home
by trained undergraduate and graduate students according to inclusion and exclusion criteria established by
Fried et al.24 and Ferruci et al.25 The subjects participated
in a single data collection session lasting between 40 and
120 minutes at community centers located near their
home, yielding sociodemographic, anthropometric,
clinical, frailty and mental status variables, with mental
status assessed using the Mini-Mental State Examination (MMSE).26 Participants with MMSE scores below
the education-adjusted cutoff point (17 for those who
could not read; 22 for those with 1 to 4 years of education; 24 for those with 5 to 8 years; and 26 for those
with 9 or more years),23 did not proceed to the second
stage of data collection. The second stage involved selfreported measures of physical and oral health, lifestyle, access to healthcare services, functional capacity,
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expectations regarding care, depression, social support
and life satisfaction due to higher risk of dementia. A
total of 883 participants (25.42%) were excluded due
to MMSE scores below cut off values. Of the 2,593
remaining participants without cognitive impairment,
321 had concomitant SH, DM and abdominal obesity
and were included as members of Group I, while 421
participants did not suffer from any of these three conditions, namely, Group II. The total sample was 742, as
participants with one or with two of these conditions
were not included in the analyses. Subjects were grouped
into four age categories: 65-69; 70-74; 75-79; and 80
and over, and four education categories: 0, 1 to 4, 5 to 8,
and 9 or more years of education. Income was measured
as monthly family income in minimum wages.
SH and DM were assessed using a questionnaire
comprising nine self-reported dichotomous items about
chronic conditions that had been diagnosed by a physician in the previous 12 months. For the evaluation of
obesity, abdominal obesity was evaluated because it is
considered the most important marker of adipose tissue
dysfunction and an indication of the presence of insulin
resistance. The measurement of waist circumference was
conducted with the person standing up, and it was taken
at the midpoint between the anterior superior iliac crest
and the lower rib edge. The tape-measure was in millimeter increments and placed at the level of the individual’s umbilicus. Men with waist circumference over
102 cm and women with waist circumference over 88
cm were considered as having abdominal obesity. These
measures were stratified by gender, according to criteria
established by the NCEP – ATPIII.27
The MMSE overall scores of the participants were
divided into quartiles. It was stipulated that a total
score below the cutoff point of the first quartile of the
score distribution indicated poor cognitive status. It is
important to clarify that even the participants regarded
as having lower cognitive performance were above the
adopted cut-off scores for dementia.

Ethical issues. The present study was approved by the

Statistical analysis. Categorical variables were analyzed

Table 1. Baseline characteristics of Groups I and II.

using descriptive statistics through the Chi-square test
and Fisher’s exact test. The ordinal data were compared
by testing their means using the non-parametric MannWhitney test and Kruskal-Wallis test (for three or more
groups) and by Tukey’s and Dunn’s post-hoc tests.
Univariate and multivariate stepwise logistic regression analyses were conducted, considering poor cognitive status as the criterion variable and sex, age, education and Group (I and II) as independent variables. The
significance level for all statistical tests was 5%.
400 Hypertension, diabetes, obesity and cognition     Oliveira et al.

Ethics Committee at the School of Medical Sciences,
State University of Campinas – UNICAMP (Document
number 208/2007). At the beginning of the data collection session, participants were informed about the
objectives and procedures of the research study, about
their right to refuse to participate at any time, and also
that measurements were not invasive, that there were
no risks to physical and mental health, and that confidentiality of individual data was guaranteed. All candidates that agreed to participate in the study expressed
their informed consent by signing a form. At the end
of the data collection session, the elderly participants
received general advice on health, based on the gathered
information, and were given a handbook with guidelines
on health and on how to maintain a healthy lifestyle.

RESULTS
The average age of participants in the total sample was
72.32 ± 5.56 years and there was no statistical difference in age between Groups I and II (p = 0.287). The
average years of education was 4.33 ± 4.18 for men and
4.02 ± 4.01 for women, with no statistically significant
difference (p = 0.286) between sexes. There was a significant difference between Groups I and II in relation to
education, family income and MMSE scores (Table 1),
with higher values in Group II.
In Group I, there was a higher presence of women
and of individuals with no formal education. In Group II,
there was a higher number of elderly with nine or more
years of education (Table 2).
The mean MMSE score in the total sample (n = 742)
was 24.96 ± 3.10. In all, 164 (22.10%) scored below the
1st quartile on the MMSE, and were thus classified as
having low cognitive performance. Among illiterate
participants, 121 (72.02%) scored below the first quartile on the MMSE (low cognitive performance). Of the
participants with 1-4 years of education, 43 (11.65%)
had low cognitive performance. Among the groups with

Group I (n= 321)
Mean±SD

Group II (n=421)
Mean±SD

p

Age

72.08 ± 5.59

72.46 ± 5.62

0.287

Education*

3.62 ± 3.77

4.56 ± 4.27

0.003

Income**

3.73 ± 6.22

4.10 ± 4.50

0.011

MMSE

24.45 ± 3.45

25.18 ± 2.81

0.018

Mann-Whitney test; *years of formal education; **number of minimum wages earned; MMSE:
Mini-Mental State Examination; SD: standard deviation.

Dement Neuropsychol 2017 December;11(4):398-405

5-8 years or 9 or more years of education, no individual
scored below the first quartile on the MMSE.
Regarding the distribution of participants with low
cognitive performance in Groups I and II, by level of
education, there was a higher number of individuals
with low education and low cognitive performance in
Group I (Table 3).
On the univariate logistic regression analysis (Table
4), all independent variables were associated with lower
MMSE scores, i.e. higher age, belonging to Group I,
lower education and being female were associated with
higher risk for poor cognitive performance.
On the multivariate analysis (Table 5), among the
variables studied, only education and being female were
selected as being significantly associated with low cognitive performance. Each year of education decreased the
chance of low cognitive performance by 59% and being
female increased this chance by 2.43.

The multivariate analysis was repeated, excluding
education from the model. In this analysis, those who
were more likely to have low cognitive performance were
older participants, women and individuals with all three
chronic diseases (Group I) (Table 6).

DISCUSSION
The aim of the present study was to compare the cognitive performance of older individuals from a populationbased study, carried out in seven locations in Brazil,
who were identified as having SH, DM and obesity
concomitantly, against participants who did not have
these conditions. An additional aim was to evaluate the
association of having the three conditions with lower
cognitive performance, controlling for relevant sociodemographic variables. In agreement with a previous
Brazilian study,22 participants in Group I tended to have
lower education and lower cognitive performance. One

Table 2. Comparison of gender, age and education between Groups I and II.
Variables

Categories

Gender

Age

Education*

Group I

Group II

Male

50 (15.67%)

269 (84.33%)

Female

271 (64.07%)

152 (35.93%)

65-69

135 (46.55%)

155 (53.45%)

70-74

89 (41.98%)

123 (58.02%)

75-79

65 (41.67%)

91 (58.33%)

>80

32 (38.10%)

52 (61.90%)

0

90 (28.04%)

78 (18.57%)

1-4

158 (49.22 %)

211 (50.24%)

5-8

47 (14.64 %)

69 (16.43%)

>9

26 (8.10 %)

62 (14.76%)

p
< 0.001a

0.476b

0.002c

Chi-square test, ac2 = 173.50, dF = 1; bc2 = 2.50, dF = 3; cc2 = 14.40, dF = 3. *years of formal education.

Table 3. Comparative analysis of education and level of cognitive performance between Groups I and II.
Lower cognitive performance (n=164)

Higher cognitive performance (n=577)

Education*

Group I

Group II

Group I

Group II

p

0

72 (80%)

49 (62.82%)

18 (20%)

29 (37.18%)

0.013a

1-4

18 (11.39%)

25 (11.85%)

140 (88.61%)

186 (88.15%)

0.893b

5-8

0

0

47 (100%)

69 (100%)

0

26 (100%)

62 (100%)

>9

0

Chi-square test (c ), c = 6.12, dF = 1; c = 0.02, dF=1. *years of formal education.
2

a 2

b 2
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Table 4. Data obtained from univariate logistic regression analysis related to lower cognitive performance (n=742).
Variables

Categories

P

OR

95%CI

Gender

Male (ref.)

---

1.00

---

0.001

1.85

1.28-2.67

---

1.00

---

70-74

0.096

1.47

0.93-2.31

75-79

0.002

2.08

1.30-3.33

≥ 80

< 0.001

2.65

1.53-4.61

---

1.00

---

Female
Age (y)

65-69 (ref.)

Presence of SH/DM
and abdominal obesity

Group II (ref.)
Group I

< 0.001

1.83

1.29-2.59

Education*

Continuous variable (years)

< 0.001

0.420

0.366-0.483

SH: systemic hypertension; DM: diabetes mellitus; OR: Odds ratio for lower cognitive performance; n = 578 with higher performance status and n = 164
with lower performance status. 95%CI = 95% confidence interval. Ref.: Reference level. *years of formal education.

Table 5. Data obtained from multivariate logistic regression analysis related to lower cognitive performance (n=741).
Selected variables

Categories

Education

Continuous variable (years)

Gender

Male (Ref.)
Female

P

OR

95%CI

< 0.001

0.410

0.356-0.473

---

1.00

---

< 0.001

2.43

1.51-3.89

Stepwise regression for selection of variables; OR: Odds Ratio related to lower cognitive performance; n = 578 with higher performance and n = 164 with
lower performance; 95%CI = 95% confidence interval; Ref.: reference level; *years of formal education.

Table 6. Data obtained from multivariate logistic regression analysis considering gender, age, and the composite of hypertension, diabetes and obesity associated with lower cognitive performance (n = 741) excluding education from the model.
Selected variables

Categories

P

OR

95%CI

---

1.00

---

0.029

1.57

1.05-2.35

---

1.00

---

70-74

0.058

1.56

0.99-2.47

75-79

0.001

2.17

1.35-3.50

< 0.001

3.01

1.71-5.29

---

1.00

---

0.034

1.58

1.04-2.42

Presence of SH / DM / abdominal obesity Group II (Ref.)
Group I
Age (y)

65-69 (Ref.)

≥80
Gender

Male (Ref.)
Female

SH; systemic hypertension; DM: diabetes mellitus; Stepwise regression for selection of variables; OR: Odds Ratio related to lower cognitive performance;
n = 578 with higher performance and n = 164 with lower performance; 95%CI = 95% confidence interval; Ref.: reference level.
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tentative conclusion from the present study is that in
developing countries, having lower education raises the
risk for cardiovascular risk factors and cognitive impairment concurrently.
Previous papers28-30 have established a correlation
between individual cardiovascular risk factors derived
from these chronic conditions, and the development
of AD and of VD, which are the most common forms
of dementia. A composite risk measure of cardiovascular factors can be depicted through the definition of
metabolic syndrome, which is mainly defined by core
manifestations of SH, DM and obesity. Previously, several community-based studies associated metabolic
syndrome with cognitive decline, mild cognitive impairment, and dementia.31-34 The association of AD with VD
can be explained by the development of microangiopathic injury, the formation of neurofibrillary tangles
and amyloid plaques, as well as by the evidence of effective therapeutic response with the use of acetylcholinesterase inhibitors in patients diagnosed with VD, a drug
typically used in patients with AD.18-21 The presence of
self-reported SH and DM and of abdominal obesity associated with lower MMSE scores suggests that elderly
subjects diagnosed with the three concomitant diseases
should be carefully and repeatedly examined and evaluated for symptoms suggestive of cognitive impairment
or of dementia.
The participants included in the present study
were physically and mentally healthy, with no signs of
functional limitation. These data are in line with a U.S.
population study that showed a correlation between
metabolic syndrome and mild cognitive impairment.35
In contrast, Forti et al.,36 besides not having found a correlation between the metabolic syndrome diagnosed in
old age and the risk of developing dementia, found that
from 75 years of age and over metabolic syndrome was
associated with lower risk of developing dementia. In
another study, Muller et al.37 showed that the metabolic
syndrome was not associated with dementia, but that
diabetes and hyperinsulinemia were separately associated with metabolic syndrome. On the other hand,
Raffaitin et al.38 found that, despite the observed association of metabolic syndrome with cognitive decline
among French elderly subjects, no correlation was noted
between hypertension, abdominal obesity and glucose
intolerance, and cognitive impairment. However, the
same study found a correlation between DM or SH associated with DM – but not with glucose intolerance – and
cognitive decline. Therefore, despite conflicting results,
research points to a higher risk of cognitive impairment

in the presence of diseases that affect the cardiovascular and metabolic systems, which might be explained
by an increase in inflammatory markers and in cell and
vascular damage.39
The frequency of scores falling within the lower
MMSE quartile in the studied sample was 28.04% for
Group I, a percentage significantly higher than that of
Group II (17.58%). This finding is consistent with data
collected by Yaffe et al.39 who showed a 26% incidence
of cognitive impairment among elderly people with the
metabolic syndrome. Therefore, the concomitance of
the three above-mentioned conditions – SH, DM and
abdominal obesity – seems to negatively affect MMSE
scores of cognitively healthy elderly individuals. However, it should be noted that Group I also has lower education and income, compared with Group II.
The higher percentage of women than men suffering from the three concomitant diseases is in line with
data from other studies about the metabolic syndrome.39
The correlation among older age, being female and having poorer cognitive performance was also reported in
earlier studies.40,41
The limitations of the present study are primarily
related to its cross-sectional design, which does not
allow the establishment of causal relationships. Additionally, since the elderly subjects in the sample were
those who scored above the MMSE cutoff point for
dementia, it is possible that older individuals, those at
more advanced stages of any of the diseases, and participants with less formal education were under represented. Another limitation of the present study is the
lack of information on the duration of the diseases in
question (SH, DM and abdominal obesity) up to the
cognitive assessment date, and whether or not these
diseases were treated over the years. The fact that SH
and DM status was based on self-report may also be
considered a limitation, as participants might have been
unaware of these conditions.
Nevertheless, the present paper provides evidence
to support early intervention programs regarding modifiable variables that affect the prevention and control
of hypertension, diabetes and obesity.40 Present results
also suggest that improved education levels and disseminating information about chronic disease prevention in old age might help to delay cognitive impairment
in developing countries. In conclusion, results indicated
an association between cognition and the presence of
SH, DM and obesity. However, education seems to be
decisive in determining cognitive performance in the
presence of these conditions.

Oliveira et al.    Hypertension, diabetes, obesity and cognition 403

Dement Neuropsychol 2017 December;11(4):398-405

Author contribution. M.F.B. Oliveira designed the research

study and prepared this paper. M.E. Guariento, M.S.
Yassuda and A.L. Neri designed the study, collected the
data, supervised the data collection process, assisted in
writing the present paper, and reviewed its final version.
I. Aprahamian reviewed the final version of the paper.
Acknowledgements. This research was supported by

the National Council for Scientific and Technological

Development (CNPq), document #555082/2006-7. The
authors would like to thank the colleagues who coordinated the recruitment and data collection processes:
José Guilherme de Arruda Moura, Ludgleydson
Fernandes de Araújo, Maria do Carmo Eulálio, Benedita
Edina S. L. Cabral, Maria Eliane Catunda de Siqueira,
Geraldine Alves dos Santos, Andrea Cristina Garofe
Fortes-Burgos, Efigênia Passarelli Mantovani, Flavia
Silva Arbex and Stella Vital de Sousa Torres.

REFERENCES
1.

2.

3.

4.
5.

6.

7.
8.

9.
10.

11.

12.

13.

14.

15.

16.

Schmidt MI, Duncan BB, Azevedo e Silva G, Menezes AM, Monteiro CA,
Barreto SM, et al. Chronic non-communicable disease in Brazil: burden
and current challenges. Lancet. 2011;377:1949-61.
Sousa RM, Ferri CP, Acosta D, Albanese E, Guerra M, Huang Y, et al.
Contribution of chronic disease to disability in elderly people in countries with low and middle incomes: a 10/66 Dementia Research Group
population-based survey. Lancet. 2009;374:1821-30.
Dhana K, Koolhaas CM, van Rossum EF, Ikram MA, Hofman A, Kavousi
M, Franco OH. Metabolically Healthy Obesity and the Risk of Cardiovascular Disease in the Elderly Population. PLoS One. 2016;11(4):e0154273
Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome. Lancet.
2005;365:1415-28.
Duron E, Rigaud AS, Dubail D, Mehrabian S, Latour F, Seux ML, et al.
Effects of antihypertensive therapy on cognitive decline in Alzheimer’s
disease. Am J Hypertens. 2009;22:1020-4.
Okereke OI, Kang JH, Cook NR, Gaziano JM, Manson JE, Buring
JE, Grodstein F. Type 2 diabetes mellitus and cognitive decline in two
large cohorts of community-dwelling older adults. J Am Geriatr Soc.
2008;56:1028-36.
Yeung SE, Fischer AL, Dixon RA. Exploring effects of type 2 diabetes
on cognitive functioning in older adults. Neuropsychology. 2009;23:1-9.
Ravona-Springer R, Luo X, Schmeidler J, Wysocki M, Lesser G, Rapp
M, et al. Diabetes is associated with increased rate of cognitive decline
in questionably demented elderly. Dement Geriatr Cogn Disord. 2010;
29:68-74.
Luchsinger JA. Diabetes, related conditions, and dementia. J Neurol
Sci. 2010;299:35-8.
Verdelho A, Madureira S, Moleiro C, Ferro JM, Santos CO, Erkinjuntti T,
et al. White matter changes and diabetes predict cognitive decline in the
elderly. The LADIS study. Neurology 2010;75:160-7.
Kivipelto M, Ngandu T, Fratiglioni L, Viitanen M, Kåreholt I, Winblad B, et
al. Obesity and vascular risk factors at midlife and the risk of dementia
and Alzheimer disease. Arch Neurol. 2005;62:1556-60.
Whitmer RA, Gustafson DR, Barrett-Connor E, Haan MN, Gunderson EP
Yaffe K. Central obesity and increased risk of dementia more than three
decades later. Neurology. 2008;71:1057-64.
Xu WL, Atti AR, Gatz M, Pedersen NL, Johansson B, Fratiglioni L. Midlife
overweight and obesity increase late-life dementia risk: a populationbased twin study. Neurology 2011;76:1568-74.
Abbatecola AM, Lattanzio F, Spazzafumo L, Molinari AM, Cioffi M, Canonico R, et al. Adiposity predicts cognitive decline in older persons with
diabetes: a 2-year follow up. Plos One. 2010;5(4):e10333.
Kerwin DR, Gaussoin SA, Chlebowski RT, Kuller LH, Vitolins M, Coker
LH, et al. Interaction between body mass index and central adiposity
and risk of cognitive impairment and dementia: results from the Women’s
Health Initiative Memory Study. J Am Geriatr Soc. 2011;59:107-12.
Ng TP, Feng L, Nyunt MS, Feng L, Gao Q, Lim ML, et al. Metabolic
Syndrome and the Risk of Mild Cognitive Impairment and Progression to
Dementia: Follow-up of the Singapore Longitudinal Ageing Study Cohort.
JAMA Neurol. 2016;73(4):456-63.

404 Hypertension, diabetes, obesity and cognition     Oliveira et al.

17.

18.

19.
20.
21.
22.

23.

24.

25.

26.

27.

28.
29.
30.

31.

32.

33.

Prince M, Bryce R, Albanese E, Wimo A, Ribeiro W, Ferri CP. The
global prevalence of dementia: a systematic review and metaanalysis.
Alzheimers Dement. 2013; 9(1):63-75.
Kerola T, Kettunen R, Nieminen T. The complex interplay of cardiovascular system and cognition: how to predict dementia in the elderly? Int
J Cardiol. 2011;150(2):123-9.
Battistin L, Cagnin A. Vascular disorder. A biological and clinical overview.
Neurochem Res. 2010;35:1933-8.
Ferrer I. Cognitive impairment of vascular origin: neuropathology of
cognitive impairment of vascular origin. J Neurol Sci. 2010;299:139-49.
de la Monte SM, Tong M. Brain metabolic dysfunction at the core of
Alzheimer’s disease. Biochem Pharmacol. 2014;88(4):548-59.
Gronner MF, Bosi PL, Carvalho AM, Casale G, Contrera D, Pereira MA,
et al. Prevalence of metabolic syndrome and its association with educational inequalities among Brazilian adults: a population-based study. Braz
J Med Biol Res. 2011;44(7):713-9.
Neri AL, Yassuda MS, Araújo LF, Eulálio M do C, Cabral BE, Siqueira
ME, et al. Methodology and social, demographic, cognitive, and frailty
profiles of community-dwelling elderly from seven Brazilian cities: the
FIBRA Study. Cad Saude Publica 2013;29(4):778-92.
Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J,
et al. Frailty in older adults: evidence for a phenotype. J Gerontol A Biol
Med Sci. 2001;56A:M146-56.
Ferrucci L, Guralnik JM, Studenski S, Fried LP, Cutler GB Jr, Walston
JD, et al. Designing randomized, controlled trials aimed at preventing
or delaying functional decline and disability in frail, older persons: a
consensus report. J Am Geriatr Soc. 2004;52(4):625-34.
Brucki SMD, Nitrini R, Caramelli P, Bertolucci PHF, Okamoto IH. Suggestions for utilization of the mini-mental state examination in Brazil. Arq
Neuropsiquiatr. 2003;61:777-81.
Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel III). Executive summary of
the third report of the National Cholesterol Education Program (NCEP).
JAMA 2001;285:2486–97.
Dufouil C, Seshadri S, Chêne G. Cardiovascular risk profile in women
and dementia. J Alzheimers Dis. 2014;42:S353-63.
Ihara M, Kalaria RN. Understanding and preventing the development
of post-stroke dementia. Expert Rev Neurother. 2014;14(9):1067-77.
Norton S, Matthews FE, Barnes DE, Yaffe K, Brayne C. Potential for
primary prevention of Alzheimer’s disease: an analysis of populationbased data. Lancet. Neurol. 2014;13(8):788-94.
Yao Q, Jiang GX, Zhou ZM, Chen JM, Cheng Q. Metabolic Syndrome
and Mild Cognitive Impairment: A Case-Control Study among Elderly in
a Shanghai Suburb. J Alzheimers Dis. 2016;51(4):1175-82.
Feng L1, Chong MS, Lim WS, Lee TS, Collinson SL, Yap P, Ng TP.
etabolic syndrome and amnestic mild cognitive impairment: Singapore
Longitudinal Ageing Study-2 findings. J Alzheimers Dis. 2013;34(3):
649-57.
Solfrizzi V, Scafato E, Capurso C, D’Introno A, Colacicco AM, Frisardi
V, et al. Italian Longitudinal Study on Aging Working Group. Metabolic

Dement Neuropsychol 2017 December;11(4):398-405

34.

35.

36.

syndrome, mild cognitive impairment, and progression to dementia.
The Italian Longitudinal Study on Aging. Neurobiol Aging. 2011;
32(11):1932-41.
Yaffe K, Weston AL, Blackwell T, Krueger KA. The metabolic syndrome
and development of cognitive impairmentamong older women. Arch
Neurol. 2009;66(3):324-8.
Roberts RO, Geda YE, Knopman DS, Cha RH, Boeve BF, Ivnik RJ, et
al. Metabolic syndrome, inflammation, and nonamnestic mild cognitive
impairment in older persons: a population-based study. Alzheimer Dis
Assoc Disord. 2010;24(1):11-8.
Forti P, Pisacane N, Rietti E, Lucicesare A, Olivelli V, Mariani E, et al.
Metabolic syndrome and risk of dementia in older adults. J Am Geriatr
Soc. 2010;58:487-92.

37.

38.

39.

40.
41.

Muller M, Tang MX, Schupf N, Manly JJ, Mayeux R, Luchsinger JA.
Metabolic syndrome and dementia risk in a multiethnic elderly cohort.
Dement Geriatr Cogn Disord. 2007;24:185-92.
Raffaitin C, Féart C, Le Goff M, Amieva H, Helmer C, Akbaraly TN, et al.
Metabolic syndrome and cognitive decline in French elders: the three-city
study. Neurology 2011;76:518-25.
Yaffe K, Kanaya A, Lindquist K, Simonsick EM, Harris T, Shorr RI, et al.
The metabolic syndrome, inflammation, and risk of cognitive decline.
JAMA 2004;292:2237-42.
Mathillas J, Lövheim H, Gustafson Y. Increasing prevalence of dementia
among very old people. Age Ageing. 2011;40:243-9.
World Health Organization. (2010). Global status report on non communicable diseases. Geneva: WHO, 2010.

Oliveira et al.    Hypertension, diabetes, obesity and cognition 405

