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A B S T R A C T

Introduction: Insulin resistance and low-grade inflammation are pathophysiological mechanisms shared by type
2 diabetes and dementia. A cluster of biomarkers that could help diagnosing cognitive dysfunction prior to the
installation of insulin resistance is desirable. This ELSA sub-study examined whether a cluster of selected in-
flammatory biomarkers was associated with worse cognitive scores in non-diabetic participants.
Methods: A sample of 998 non-diabetic participants of ELSA-Brasil had their cognitive function assessed by the
Consortium to Establish a Registry for Alzheimer’s Disease (CERAD), a verbal fluency test and a trail making test.
An inflammatory cluster was formed by using the k-means method. ANOVA was used to compare the tertiles of a
composite global cognitive z-score with clinical and laboratory variables. Logistic regression modelling with
forward stepwise model selection was performed considering cognitive performance as the outcome and the
cluster as the independent variable of main interest. Models were stratified by sex and adjusted for age, insulin
resistance and other confounders.
Results: The mean age was 45.7 ± 4.9 years and 54.8% were women, who had a higher frequency of university
level, healthier behaviors and lower systolic and diastolic blood pressure (BP) levels, fasting plasma glucose,
non-HDL cholesterol and E-selectin levels than men. Individuals in the highest tertile of the composite global
cognitive z-score were more likely to be women, with university level, and lower mean values of body mass
index, BP levels, and HOMA-IR than those in lower tertiles. Using logistic regression model, the cluster category
of the highest grade of inflammation showed to be associated with worse cognitive performance in women only.
Conclusion: The association between a cluster of inflammation and worse cognitive performance seems to be
useful to identify middle-aged women at risk for cognitive decline, independently of their state of insulin re-
sistance.

1. Introduction

Increased life expectancy has resulted in high morbidity and mor-
tality rates particularly due to cardiometabolic diseases. Despite the
decline in cardiovascular mortality rates during the last decades, un-
healthy lifestyle that leads to obesity has limited the control of risk
factors, especially disturbances of glucose metabolism. A parallel in-
crease in dementia prevalence has been observed, what could be par-
tially explained by pathophysiological links with type 2 diabetes

mellitus (DM) (McCrimmon et al., 2012). These diseases are among the
top 10 debilitating conditions in a recent report of the global burden of
diseases (Group, 2017).

A meta-analysis reported a 60% higher risk of dementia in in-
dividuals with type 2 DM compared to non-diabetic ones (Chatterjee
et al., 2016). Insulin resistance and low-grade inflammation are me-
chanisms shared by both type 2 DM and dementia (Kim and Feldman,
2015; Awad et al., 2004; van Himbergen et al., 2012; Willette et al.,
2015). Insulin resistance was associated with brain amyloid deposition
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in late middle-aged adults (Willette et al., 2015). Moreover, in Alzhei-
mer’s disease, β amyloid deposition leads to glia activation and in-
flammation, favoring neuronal apoptosis. Resistance to insulin and to
insulin growth factor were shown to alter expression and production of
amyloid precursor protein, triggering β-amyloid deposition (Matioli
and Nitrini, 2015). Insulin receptors are expressed in the central ner-
vous system with elevated density in the hypothalamus, cerebellum,
cerebral cortex, olfactory bulb, and hippocampus, which is implicated
in the memory regulation (S Roriz-Filho et al., 2009). Therefore, be-
sides being a major abnormality of glucose metabolism, insulin re-
sistance has also been considered a pathway to neuroinflammation
related to β amyloid deposition, contributing to cognitive impairment
in neurodegenerative diseases.

Several cytokines have been used as circulating biomarkers of in-
flammation. Elevated production of TNF-α and interleukins (IL) has
been described in obesity-related diseases, they were shown to dete-
riorate insulin signaling (Wieser et al., 2013) and their circulating levels
have been associated with increased cardiometabolic risk (Lind, 2003).
TNF-α and IL-6 are able to cross the blood brain barrier (BBB) and to
affect processes in the central nervous system (Arnoldussen et al.,
2014). Animal studies have demonstrated that TNF-α and IL-6 were
also produced by glial cells. In humans, association between higher
peripheral IL-6 levels and lower hippocampal grey matter volume
suggested that this cytokine mediates cognitive decline (Marsland et al.,
2015). TNF-α receptors activation in the brain trigger apoptosis
(Montgomery and Bowers, 2012; Pickering et al., 2005) and in obese
individuals, excessive production of TNF-α was shown to be neurotoxic
causing memory and learning deficits (Arnoldussen et al., 2014). Since
the BBB is formed by endothelial cells, endothelial dysfunction can
affect its functioning and interactions with the brain. E-selectin was
considered a marker of endothelial injury and useful to improve car-
diovascular risk prediction (de Almeida-Pititto et al., 2016). As far as
we know, whether its determination could indicate endothelial dys-
function at the BBB level, favoring neurodegenerative processes has not
been investigated.

There is some evidence of sex differences regarding the correlation
between immunologic markers and cognitive or neural outcomes. In
middle-aged individuals of the Whitehall Study, associations between
inflammatory biomarkers and cognition were detected and they were
more evident in men than in women (Gimeno et al., 2008). It would be
desirable to detect a cluster of biomarkers that could help diagnosing
cognitive dysfunction earlier when interventions could be more effec-
tive. Cluster analysis of biomarkers seems to be an interesting approach
for this purpose (Fraley and Raftery, 1998). Whether analysis of cir-
culating biomarkers in combination would improve the identification of
middle-aged individuals at a higher risk of cognitive impairment, prior
the installation of insulin resistance, is unknown.

The Brazilian Longitudinal Study of Adult Health (ELSA-Brasil) is
appropriate to investigate the hypothesis that cluster of novel bio-
markers is associated with cognitive function, prior to clinical feature of
insulin resistance. The ELSA-Brasil is a prospective cohort study of civil
servants of universities in Brazil that investigates the incidence of type
2 DM and cardiovascular disease and their biological, behavioral, en-
vironmental, occupational, psychological and social risk factors
(Aquino et al., 2012). The objective of this ELSA sub-study was to ex-
amine whether a cluster of selected biomarkers was associated with
cognitive scores in non-diabetic participants before old age.

2. Methods

2.1. Participants

This cross-sectional study was conducted with baseline data of the
ELSA-Brasil, whose objective and methods were previously reported
(Schmidt et al., 2015; Aquino et al., 2012). Briefly, all active or retired
employees of six Brazilian cities, aged 35 to 74 years, were eligible for

this study. They had an initial interview and then were scheduled for
clinical examination and laboratory tests in the research centers. First
examinations of 15,105 individuals (54% women) were carried out
from August 2008 through December 2010. The present analysis was
based on the baseline data from a random sample of 1000 out of 5061
participants of the São Paulo research center included in another sub
study aimed to assess the cardiometabolic profile based on non-tradi-
tional cardiovascular biomarkers, such as inflammatory and endothelial
dysfunction biomarkers. For the current analysis, inclusion criteria
were age range of 35 to 54 years and absence of DM and cardiovascular
disease. Two individuals were excluded from the final sample because
insufficient aliquots were frozen for the analysis of novel biomarkers
(Almeida-Pititto et al., 2015). The institutional ethics committee ap-
proved the study and written consent was obtained from all partici-
pants.

2.2. Cognitive function evaluation

Cognitive function was assessed by three neuropsychological tests:
the Consortium to Establish a Registry for Alzheimer’s Disease (CERAD)
delayed word recall test (Welsh et al., 1991), semantic and phonemic
verbal fluency test, and trail making test, version B. A Brazilian version
of CERAD including a ten-word list was used to evaluate word-list
learning, delayed word list recall, and word-list recognition (Suemoto
et al., 2015), in which participants were asked to read 10 words after 3
exposures and 5min later were asked to record these words. The score
was equal to the number of recalled words. The semantic (animal ca-
tegory) and phonemic (letter F) verbal fluency tests were used to assess
the language domain, and the score corresponds to the total number of
generated words by the participant (Passos et al., 2011). The higher the
scores the better cognitive function in those domains. The trail making
test was used to evaluate executive function, since it is related to at-
tention, concentration, and psychomotor speed. The score corre-
sponded to the time (in seconds) taken to complete the test. The longer
the time taken to complete, the worse the participant’s performance.
The six subtests can further be used to construct a composite score as an
estimate of global cognitive function. A global score was converted into
z-score using mean value equal zero and standard deviation lower or
bigger than one.

2.3. Inflammatory biomarkers

Blood samples were frozen at −80 °C for further determinations of
cytokines. Logistics of collection and transportation of biological sam-
ples and the organization of the central laboratory in the ELSA-Brasil
were previously reported (Fedeli et al., 2013). ELISA was used for the
determination of C-reactive protein and E-selectin levels (Dade Behring,
Siemens, Marburg, Germany). Interleukin-6 (IL-6), IL-10 and TNF-α
were measured using Bio-Plex→ Pro Human Cytokine 4-plex assay
panel (Biorad, São Paulo, SP, Brazil). Intra-assay coefficients of varia-
tion ranged from 1.8 to 7.2, and inter-assay from 0.9 to 9.1, except for
E-selectin (14.4%) (Almeida-Pititto et al., 2015). In order to range the
same scale to comparisons, all biomarkers were converted by standard
mean distribution, considering mean equal zero and standard deviation
equal one.

2.4. Other variables

Physical activity level was assessed using the International Physical
Activity Questionnaire (Hallal and Victora, 2004). Body weight and
height were measured using calibrated electronic scales and a fixed
rigid stadiometer, while individuals wore light clothing without shoes.
Body mass index was calculated as weight (in kilograms) divided by
squared height (in meters). Waist circumference was measured with an
inextensible tape according to the WHO technique. Neck circumference
was measured with individuals sitting and looking horizontally, using
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an inelastic tape, perpendicular to the long axis of the neck, right under
the thyroid cartilage. Blood pressure (BP) was taken three times after a
5-minute rest in the sitting position and the mean of the second and
third measurements was used. Presence of hypertension was considered
when systolic BP≥ 130 or diastolic BP≥ 85mmHg (or anti-
hypertensive treatment). Participants underwent a 2-hour 75-gram oral
glucose tolerance test, and American Diabetes Association criteria were
used for diagnosing categories of glucose tolerance (Association, A. D.,
2010). Insulin resistance was estimated using the homeostasis model
assessment (HOMA-IR) index (Matthews et al., 1985), and was defined
by values> 2.5 (Geloneze et al., 2009).

Plasma glucose was determined by the hexokinase method (ADVIA
Chemistry; Siemens, Deerfield, Illinois, USA). Categories of glucose
tolerance were defined according to the American Diabetes Association
criteria (Association, A. D., 2010); pre-diabetes included individuals
with impaired fasting glycemia and impaired glucose tolerance. Insulin
was determined by enzyme-linked immunosorbent assay – ELISA (Enzo
Life Sciences, Farmingdale, NY, USA). Lipid profile was measured using
enzymatic colorimetric assay (ADVIA Chemistry; Siemens, Deerfield,
Illinois, USA). LDL-cholesterol was calculated by the Friedewald
equation and insulin concentration was determined (Siemens, Tarry-
town, USA). When triglyceride concentration was greater than 400mg/
dL, the HDL-cholesterol level was directly measured.

2.5. Statistical analysis

Data were expressed as mean and standard deviation (SD) or fre-
quencies. Student t-test was used to compare variables according to sex
(or Mann-Whitney U test for non-normal distributed variables). ANOVA
with Bonferroni post-hoc test was employed to compare continuous
clinical and biochemical variables, and chi-squared test to compare
categorical variables, according to global composite cognitive z-score
tertiles (or Kruskal-Wallis test for non-normal distributed variables).

The correlation between each two inflammatory markers was in-
itially tested. Except for C-reactive protein, all the four biomarkers
(TNF-α, IL-6, IL-10, and E-selectin) were strongly correlated
(p < 0.001). Then, a cluster was formed using k-means method, in
which an algorithm found the partition of K sets (categories) that
minimized the distance of each observation to its center (Fraley and
Raftery, 1998). Each cluster center was the mean of the observations in
that cluster. Partitioning in three categories of the cluster was used and
they were ordinated from the lowest to highest “inflammation grade”.

Logistic modelling with forward stepwise model selection was per-
formed considering cognitive dysfunction as the outcome (first plus the
second tertile of the global cognitive z-score), and the third tertile
(higher scores) as the best condition. Cluster entered the models as the
independent variable of main interest. Models were stratified by sex
and only the one obtained for the female sex is being presented. They
were adjusted for age, schooling, physical activity, alcohol use, obesity,
hypertension, non-HDL cholesterol levels and insulin resistance index.

Statistical analyses were performed using the STATA version 12,
and Statistical Package for Social Sciences, version 19.0 for Windows
(SPSS Inc., Chicago, Illinois, USA). The alpha level was set at 0.05.

3. Results

The mean age of the 998 participants was 45.7± 4.9 years, and
54.8% were women. The sample had a high level of education, and a
higher frequency of women had university level compared to men
(Table 1). Moreover, women were less likely to be current smokers and
to consume alcohol. They had lower systolic and diastolic BP levels,
fasting plasma glucose and non-HDL cholesterol. Comparing global
composite cognitive z-scores, mean values differed between sexes
(0.21±0.8 versus -0.26± 1.1, p < 0.001, for women and men, re-
spectively).

Stratifying by tertiles of cognitive performance (Table 2),

individuals in the highest tertile were more likely to be women, with
university level, and have lower mean values of body mass index, ab-
dominal circumference, blood pressure, HOMA-IR and E-selectin than
those in lower tertiles.

In crude model of logistic regression, lower values of cognitive
scores (first plus second tertiles of global cognitive z-score) were sig-
nificantly associated with the greater grade of inflammation
(p= 0.016). When variable sex was included in the model, the sig-
nificance of this association disappeared, and then analyses were stra-
tified by sex. The association of interest in crude models maintained
significant only for women.

Using age-adjusted logistic regression (Table 3, model 1) for the
female sex only, the third category of the inflammatory cluster (i.e.
highest grade of inflammation) showed to be associated with worse

Table 1
Sociodemographic, lifestyle habits, clinical and biochemical data of 998 parti-
cipants according to sex. Data are described in mean (standard deviation) or
frequencies.

Women
n=547

Men
n=451

P-value

Age (years) 45.8 (4.8) 45.7(5.1) 0.185
University level (%) 51.2 (280) 30.4 (137) <0.001
Current smoker (%) 15.0 (82) 22.6 (102) 0.002
Alcohol use (%) 67.5 (369) 75.4 (340) 0.006
Physical activity# (min/week) 19.3 (97) 23.2 (96) 0.148
Body mass index (kg/m2) 26.3 (4.2) 26.6 (4.0) 0.283
Abdominal circumference (cm) 83.3 (10.7) 91.3 (10.7) <0.001
Systolic blood pressure (mm/Hg) 112.3 (13.3) 122.6 (14.0) <0.001
Diastolic blood pressure (mmHg) 72.4 (9.6) 78.7 (10.3) <0.001
Fasting plasma glucose (mg/dL) 100.4 (7.4) 105.3 (12.2) <0.001
Non-HDL cholesterol (mg/dL) 148.0 (35.3) 161.3 (36.7) <0.001

# Mann-Whitney U test.

Table 2
Demographic, lifestyle, clinical data and inflammatory markers of participants
according to tertiles of global composite cognitive z-scores. Data are described
in mean (standard deviation) or frequencies.

1st tertile
(n= 325)

2nd tertile
(n= 324)

3rd tertile
(n=324)

P-value

Interval Interquartiles,
mean (min;max) of
Cognitive z-scores

−1.10
(-4.2;-0.36)

0.08
(-0.37;0.49)

1.03 (0.50;
2.51)

–

Women (%) 136 (41.8) 178 (54.9) 220 (67.9) <0.001
Age (years) 46.0 (4.9) 45.9 (5.0) 45.4 (4.6) 0.266
University level (%) 82 (25.2) 138 (42.6) 190 (58.6) <0.001
Smokers (%) 68 (20.9) 65 (20.1) 46 (14.2) 0.055
Alcohol use (%) 222 (68.3) 223 (68.8) 250 (77.2) 0.020
Physical activity#(min/

week)
13.6 (56.9) 17.9 (55.1) 16.3 (49.6) 0.633

Body mass index (kg/m²) 26.8 (4.2) 26.4 (4.1) 25.9 (4.1)b 0.042
Abdominal circumference

(cm)
88.6 (11.5) 87.2 (11.4) 84.8

(11.0)ab
<0.001

Obesity (%) 67 (20.6) 59 (18.2) 58 (17.9) 0.627
Systolic BP (mmHg) 119 (14.4) 117 (14.3) 114

(14.1)ab
<0.001

Diastolic BP (mmHg) 76 (9.9) 75 (10.9) 73 (10.0)ab <0.001
Hypertension (%) 72 (22.2) 77 (23.8) 56 (17.3) 0.109
Non-HDL cholesterol

(mg/dL)
154 (37) 156 (37) 151 (34) 0.250

HOMA-IR# 2.01 (1.7) 1.87 (1.4) 1.64 (1.2)a 0.006
C-reactive protein#(ml/L) 2.81 (4.9) 2.44 (3.0) 2.40 (3.2) 0.294
TNF-α# (pg/mL) 37.0 (88.8) 19.1 (36.7) 18.9 (33.8) 0.238
Interleukin-6#(pg/mL) 21.7 (53.3) 16.3 (15.7) 18.1 (30.0) 0.414
Interleukin-10#(pg/mL) 8.02 (47.8) 14.0 (76.2) 9.4 (52.9) 0.912
E-selectin#(ng/mL) 85.8 (54.4) 95.2 (65.8) 80.9

(54.8)b
0.021

BP: blood pressure; TNF-α: tumor necrosis factor alpha.
# Kruskal-Wallis test and Bonferroni correction.
a p < 0.05 versus tertile 1; b p < 0.05 versus tertile 2.
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cognitive function (first plus second tertiles of global cognitive z-score).
Such association was maintained in the model 2 in which full adjust-
ment was considered.

4. Discussion

Our main finding supports the hypothesis that a cluster of bio-
markers could be useful to identify worse cognitive performance in
women at midlife, before the development of DM even before the in-
stallation of insulin resistance. We showed that low grade inflammation
and endothelial injury were directly associated with worse performance
on cognitive tests in participants of the ELSA-Brasil. To our knowledge,
cluster analysis addressing this association in middle-aged non-diabetic
individuals had not been reported yet. Early identification of in-
dividuals at high risk for cognitive impairment is of great interest
nowadays considering the urgent need of early biomarkers for de-
mentia.

A large number of substances has been described in association with
low grade inflammation – an underlying mechanism of prevalent dis-
eases, such as type 2 DM and dementia (Kim and Feldman, 2015; Awad
et al., 2004; van Himbergen et al., 2012; Willette et al., 2015). In our
study, we focused on the role of circulating ultrasensitive C-reactive
protein, interleukins, TNF-α and E-selectin. The former is the most re-
cognized inflammatory marker used in clinical practice. IL-6 has been
linked to altered brain morphology and cognitive decline (Marsland
et al., 2015), but effects of IL-10 on neuroinflammation is controversial
(Akdis et al., 2011). Animal and cell culture studies showed neuro-
protective properties of IL-10 (Grilli et al., 2000), while others found
unfavorable effects contributing to β-amyloid accumulation and im-
paired memory (Chakrabarty et al., 2015; Guillot-Sestier et al., 2015).
TNF-α can induce not only insulin resistance (Senn et al., 2002), but
also neuronal death and cognitive deficit (Hennessy et al., 2017). In a
previous report of our group, E-selectin concentration was considered a
marker of endothelial injury (de Almeida-Pititto et al., 2016). In the
present analysis, its determination was used as a marker of endothelial
dysfunction that could affect BBB and, consequently, predispose to
neurodegeneration and cognitive decline (Hughes et al., 2018; Deane
et al., 2003). Keeping all these biomarkers actions in mind, our in-
flammatory cluster was created.

In crude analysis, traditional cardiometabolic risk factors decreased
across tertiles of cognitive z-scores, but not non-traditional ones (i.e.
inflammatory and endothelium biomarkers), except for the HOMA-IR.
Interestingly, the cluster of biomarkers, adjusted for several covari-
ables, was significantly associated with the global composite cognitive
z-score in women. In a previous study of our group, better cognitive

scores in female sex had already been reported (Cezaretto et al., 2018)
that is in agreement with studies investigating age- and sex-related
cognitive performances, but differs from others (Proust-Lima et al.,
2008; van Hooren et al., 2007; Laws et al., 2016). Some investigators
who described higher prevalence of Alzheimer disease in women at-
tributed part of such difference to survival bias, since women live
longer (Viña and Lloret, 2010). A recent metanalysis did not confirm
sex-related differences regarding mild cognitive impairment (Au et al.,
2017). Our contrasting results could be attributed to the high propor-
tion of premenopausal participants who also had a better cardiovas-
cular risk profile than men. Moreover, because men in this sample are
more likely to be metabolically unhealthy than women, such associa-
tion could cover up any association of cognition and inflammatory
cluster.

The worst category of the cluster showed to be associated with the
worst cognitive performance at midlife. The adverse effect of aging in
cognitive function is recognized, while schooling is neuroprotective
since it is able to elevate cognitive reserve (Katzman, 1993; Gerstorf
et al., 2006; Farfel et al., 2013). Our final model was adjusted for the
age and schooling, and also for insulin resistance considering its role in
the pathogenesis of neurodegenerative diseases. The maintenance of
the association of the cluster of biomarkers with the global cognitive z-
score could suggest an ability of this approach to detect an early decline
in cognitive function in women before old age. A possible explanation
could be an enhancement of small impacts of inflammatory and en-
dothelium markers in circulation affecting BBB function. In fact, it was
reported that several circulating substances influence the BBB and are
capable of increasing brain endothelial permeability and impairing
metabolic functions (Abbott et al., 2006).

Our study design impedes to guarantee that our cluster of bio-
markers could help in detecting slight decline in cognitive function,
independently of insulin resistance, in women at high risk for DM be-
fore old age. This possibility is being raised and deserves investigation
since it was demonstrated that pathological brain lesions are present
several years before dementia diagnosis (Henderson and Rocca, 2012;
Serrano-Pozo et al., 2017; Sperling et al., 2014). Alarming projections
of people having obesity for this century should motivate the im-
provement in diagnosis of obesity-related disorders including dementia.

Our study has the limitation of having investigated a specific po-
pulation at risk for type 2 DM, that avoids extrapolation to the general
population. However, it had the strength of having studied a large
sample of middle-aged individuals with preserved neurocognitive
function. Our approach using cluster of biomarkers in this cross-sec-
tional study should motivate further investigations using prospective
designs, since our analysis precludes exploring causality. The ELSA-
Brasil cohort is promising to examine the ability of cluster of bio-
markers at midlife to predict risk for cognitive decline.

4.1. Conclusion

In conclusion, the cluster of TNF-α, IL-6, IL-10 and E-selectin ap-
peared to be useful to identify middle-aged women at risk for cognitive
decline, independently of their state of insulin resistance. This con-
firmation could help the detection of increased risk for dementia at an
early age, when preventive strategies could be more effective.
Longitudinal analyses in the cohort of ELSA-Brasil are necessary to in-
vestigate the hypothesis raised in the current study.
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