de Almeida‑Pititto et al. Diabetol Metab Syndr (2016) 8:19
DOI 10.1186/s13098-016-0133-9

Diabetology &
Metabolic Syndrome
Open Access

RESEARCH

Usefulness of circulating E‑selectin
to early detection of the atherosclerotic process
in the Brazilian Longitudinal Study of Adult
Health (ELSA‑Brasil)
Bianca de Almeida‑Pititto1, Fernando Flexa Ribeiro‑Filho2, Marcio Sommer Bittencourt3, Paulo A. Lotufo3,
Isabela Bensenor3 and Sandra R. G. Ferreira1*

Abstract
Background: This cross-sectional analysis evaluated whether determination of E-selectin concentrations could iden‑
tify deterioration of cardiometabolic risk profile or subclinical atherosclerosis in individuals at low-to-moderate risk
included in The Brazilian Longitudinal Study of Adult Health—ELSA-Brasil.
Methods: A sample of 984 individuals from ELSA-Brasil (35–54 years) without cardiovascular disease or diabetes was
stratified according to E-selectin tertiles. Traditional risk factors, inflammatory markers and categories of coronary
artery calcium (CAC) scores were evaluated across the tertiles by ANOVA or Chi-squared test. In linear regression mod‑
els, associations of E-selectin levels with insulin resistance index, adjusted for age, sex and adiposity were tested.
Results: The mean age of the participants was 45.8 (SD 4.9) years and 55 % were women. Mean values of age,
anthropometric data, biochemical variables and inflammatory status increased across E-selectin tertiles. Also, a grad‑
ual deterioration of the cardiometabolic profile was reflected by increments in frequencies (95 % CI) of BMI ≥ 25 kg/
m2 [53.7 % (48.5–58.8), 61.0 % (56.1–66.5) and 64.2 % (59.0–69.4), p = 0.019], hypertension [18.0 % (14.1–22.8), 19.8 %
(15.4–24.6) and 24.8 % (20.4–29.9), p = 0.048], pre-diabetes [62.5 % (57.4–68.3), 63.1 % (58.4–69.6) and 73.8 % (68.8–
78.3), p = 0.003] and hypertriglyceridemia [22.4 % (17.9–27.2), 27.3 % (22.5–32.8) and 33.4 % (28.3–38.5), p = 0.013].
Insulinemia and HOMA-IR were independently associated with E-selectin concentration. A greater proportion of indi‑
viduals with CAC scores different from zero was found in the third tertile when compared with the first and second
tertiles (16.1 versus 11 %, p = 0.04, respectively).
Conclusions: Direct associations of E-selectin with traditional risk factors slightly above their normal ranges, compo‑
nents of the metabolic syndrome, insulin resistance and presence of CAC suggest that this biomarker may indicate an
initial atherogenic process.
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Background
Metabolic disorders such as type 2 diabetes mellitus
(T2DM) and cardiovascular diseases (CVD) are major
causes of death worldwide [1]. Despite some decrease in
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mortality rates, attributed to the control of risk factors
(smoking, physical inactivity, elevated blood pressure and
lipids and glucose levels), CVD is still the leading cause
of disability adjusted life years in many developed and
developing countries [2, 3].
Traditional cardiovascular risk factors are commonly
clustered and insulin resistance is a pathophysiological link [4]. Low-grade inflammation and endothelial
dysfunction are also involved in the insulin resistance
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syndrome. Both abnormalities are present in atherosclerosis and precede the development of T2DM [5, 6]. Some
soluble molecules may be detected in circulation before
these outcomes, which could represent an opportunity to
identify atherogenesis prior to abnormalities in the traditional cardiometabolic risk profile [7, 8]. An early step
in atherogenesis is the leukocytes adhesion to endothelium, triggered by a number of molecules, expressed in
endothelial cells, that can be measured in circulation [9,
10]. Among those, the selectin family was shown to participate in this process [11] and has been associated with
CVD and T2DM [7, 11, 12], but with the cardiometabolic
profile particularly among low-to-moderate risk individuals has been less investigated.
The Longitudinal Study of Adult Health—ELSA-Brasil
is a multicenter cohort study, including 15,105 active or
retired employees of 6 Brazilian universities, aged 35–74,
which will permit innovative investigation of multiple
exposures and outcomes, particularly T2DM and cardiovascular events [13, 14]. This study offers an opportunity
to examine novel circulating biomarkers of inflammation and atherogenesis that might be useful to further
improvement in risk level detection. A subset of ELSABrasil participants was selected to assess the association
of E-selectin with traditional risk factors as well as with
structural lesion of atherosclerosis. We hypothesized that
increased concentrations of E-selectin could be associated with the gradual progression of cardiometabolic risk
profile in a subset of individuals at low-to-moderate risk.

Methods
This cross-sectional study was conducted in a subset of
the participants of one ELSA-Brasil center, the University of São Paulo, in Sao Paulo city. First examinations
of 5056 individuals of ELSA-Sao Paulo were carried out
from 2008 to 2010. For the purpose of the present analysis, after excluding diabetes and cardiovascular disease, a
sample of 1000 individuals, aged 35–54 years, was randomly selected from the participants of São Paulo [15,
16], keeping the same proportions of sexes within the age
groups (35–44 and 45–54 years) found in the main study.
A total of 984 individuals with E-selectin determination
were enrolled in this analysis. The institutional ethics
committee approved the study and written consent was
obtained from all individuals.
Participants had an initial interview using standardized questionnaires and then scheduled for physical
examination and laboratory tests at the University Hospital. 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 (BMI) was calculated as weight (kilograms)
divided by squared height (meters). Waist circumference
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was measured with an inextensible tape according to the
WHO technique. Blood pressure (BP) was taken three
times after a 5-min rest in the sitting position. The mean
of the second and third measurements were used in the
analyses.
After overnight fasting, blood samples were taken for
several determinations. They underwent a 2-h 75-g oral
glucose tolerance test. American Diabetes Association
criteria were used to define categories of glucose tolerance, considering pre-diabetic those with impaired fasting glycemia (fasting plasma glucose ≥100 and <126 mg/
dL and 2-h plasma glucose <140 mg/dL) and/or impaired
glucose tolerance (2-h plasma glucose ≥140 mg/dL and
<200 mg/dL and fasting plasma glucose <126 mg/dL)
(ADA). Metabolic syndrome was defined by the presence
of any three of the following components, according to
international consensus criteria [17]:
••  waist circumference ≥94 cm for men and ≥80 cm for
women;
••  systolic BP ≥130 or diastolic BP ≥85 mmHg (or antihypertensive treatment);
••  fasting plasma glucose ≥100 and <125 mg/dL in the
absence of antidiabetic agents;
••  triglyceride concentration ≥150 mg/dL (or specific
treatment);
••  HDL-cholesterol <40 mg/dL for men and <50 mg/dL
for women (or specific treatment).
Samples were immediately centrifuged and analyzed.
Plasma glucose was measured by the hexokinase method
(ADVIA Chemistry; Siemens, Deerfield, Illinois, USA).
Total cholesterol was assessed by cholesterol oxidase
method, enzymatic colorimetric, HDL-cholesterol by
homogeneous colorimetric, without precipitation, triglycerides by enzymatic colorimetric (ADVIA Chemistry; Siemens, Deerfield, Illinois, USA); the low-density
lipoprotein cholesterol concentrations were calculated
by the Friedewald equation. When triglyceride concentration was greater than 400 mg/dL, the high-density
lipoprotein cholesterol level was directly measured [18].
Aliquots were frozen at −80 °C for further determinations of hormones, apolipoproteins, markers of inflammation and adhesion molecule.
Insulin was determined by enzyme-linked immunoenzymatic assay—ELISA (Siemens, Tarrytown, USA).
Homeostasis model assessment (HOMA-IR) was used
to evaluate insulin resistance [19]. ELISA kits were also
used for the determination of high-sensitivity C-reactive
protein by immunochemistry (Dade Behring, Siemens,
Marburg, Germany) and E-selectin (Abnova Corp, Taipei, Taiwan). Interleukin-6 (IL-6), interleukin-10 (IL-10)
and tumor necrosis factor α (TNF-α) were determined by
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the Bio-Plex® Pro Human Cytokine multiplex assay panel
(Biorad, São Paulo, SP, Brazil). Intra-assay coefficients of
variation ranged from 1.8 to 7.2. Inter-assay coefficients
varied from 0.9 to 9.1, except for E-selectin (14.4 %). Subclinical inflammatory status was assessed through the
ratio of pro-inflammatory and anti-inflammatory biomarkers, being IL-6/IL-10 and TNF-α/IL-10 ratios [20].
Results of coronary artery calcium score scanning were
available for 947 individuals. They underwent ECG-gated
unenhanced computed tomography to calculate CT calcium score measured according to Agatston et al. [21].
Analysis of coronary artery calcium was performed on
a post processing workstation using dedicated CT calcium score analysis software. CAC was calculated and
expressed as Agatston scores for standard of reference
CT calcium score. Coronary artery calcium (CAC) score
was categorized based as CAC = 0, 1–10 (mild), 11–100
(moderate), >100 (severe) [22, 23].
Statistical analysis

Data are expressed as means and standard deviations
(SD) or as medians and interquartile intervals. Distributions of some variables were skewed and thus were
log-transformed before analysis to achieve normality.
Values in tables were back-transformed to return to the
natural scale. Participants were categorized into tertiles
of E-selectin concentration to test its association with
traditional cardiovascular risk factors, insulin resistance, inflammatory markers and CAC Agatston score.
Data were compared by ANOVA with Bonferroni correction to identify the significant differences, which were
marked with symbols. Frequencies were compared by
Chi squared test and 95 % confidence intervals (95 % CI)
were shown. Linear regression models were performed
to evaluate independent associations of E-selectin levels with indices of insulin resistance, adjusted for age,
sex and adiposity. Sensitivity analyses, excluding participants who were current smokers, were conducted to
assess influence on variables. As results did not change,
data from all the participants were shown. All statistical
analyses were performed using the Statistical Package for
Social Sciences, v. 19.0 for Windows (SPSS Inc., Chicago,
Illinois, USA). A p value <0.05 was considered significant.

Results
The mean age of the 998 participants was 45.8 (SD 4.9)
years and 55 % were women. Nineteen percent had
BMI ≥30 kg/m2 and 66 % were pre-diabetic. The majority
of the sample (59 %) had at least 1 or 2 risk factors and
20 % were classified as having metabolic syndrome.
Decreasing proportions of women were observed
across E- selectin tertiles, while mean values of age,
anthropometric and biochemical variables increased
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(Table 1). Although the CRP did not differ across E-selectin tertiles, inflammatory status (assessed by the ratios of
pro- and anti-inflammatory biomarkers) changed significantly across these categories.
Figure 1 depicts the frequencies of traditional cardiovascular risk factors according to tertiles of E-selectin
concentrations. The cardiometabolic profile showed
a progressive deterioration across tertiles reflected by
the differences in the mean frequencies (95 % CI) of
BMI ≥25 kg/m2 [53.7 % (48.5–58.8), 61.0 % (56.1–66.5)
and 64.2 % (59.0–69.4), p = 0.019], hypertension [18.0 %
(14.1–22.8), 19.8 % (15.4–24.6) and 24.8 % (20.4–29.9),
p 0.048], pre-diabetes [62.5 % (57.4–68.3), 63.1 % (58.4–
69.6) and 73.8 % (68.8–78.3), p = 0.003] and hypertriglyceridemia [22.4 % (17.9–27.2), 27.3 % (22.5–32.8) and
33.4 % (28.3–38.5), p = 0.013], resulting in increasing
proportions of individuals with the metabolic syndrome
from the first to the second and third tertile of E-selectin
[18.6 % (14.4–23.1), 19.5 % (15.0–24.2) and 28.3 % (23.6–
33.4), p = 0.007, respectively].
In multiple linear regression analysis, the insulin resistance index HOMA-IR was independently associated
with E-selectin concentrations, adjusted for sex and BMI
(Table 2). When fasting insulin entered the model instead
of HOMA-IR, the results did not change, showing its
independent association with E-selectin. In both cases,
the significant associations persisted when adjusted for
waist circumference instead of BMI (data not shown).
Considering frequencies of CAC score categories, the
third tertile of E-selectin levels had a greater proportion of individuals with CAC score different from zero
or greater than 10 (Table 3). CAC score greater than 100
score was found in only 4.0 % (n = 12) of the participants
of the third tertile and in 2.4 % (n = 14) of those included
in first or second tertiles (p = 0.175).

Discussion
The present study calls attention to the potential role of
E-selectin concentration for earlier identification of the
atherosclerotic process, since its circulating levels were
shown to be associated with gradual deterioration of traditional risk factors (blood pressure, lipids and plasma
glucose) even within near-normal ranges. Associations of
E-selectin with components of the metabolic syndrome
as well as with insulin resistance reinforce such statement. Despite the low frequency of structural coronary
lesions in our sample, the presence of calcium in coronary arteries was also associated with higher E-selectin
concentrations.
The rationale of examining adhesion molecule in middle-aged adults without T2DM or CVD took into consideration that novel circulating biomarkers of inflammation
and atherogenesis might be useful to improve detection
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Table 1 Number (% in parenthesis) or mean values (SD) of clinical variables including circulating biomarkers of a subset
of ELSA-Brasil participants, according to tertiles of E-selectin
Tertile1
N = 328 (4.6–55.3 ng/mL)

Tertile 2
N = 328 (55.4–99.2 ng/mL)

Tertile 3
N = 328 (≥99.2 ng/mL)

p valueb

p valuea

Women, n (%)

196 (59.8)

180 (54.9)

170 (48.8)

0.01

0.005

Age (years)

45.3 (5.0)

46.0 (4.7)

45.8 (4.9)

0.616

0.743

Body mass index (kg/m2)

25.9 (3.9)

26.1 (4.1)

27.2 (4.3)

<0.001c, d

<0.001

Waist circumference (cm)

85.0 (10.9)

86.1 (11.4)

90.0 (11.5)

<0.001c, d

<0.001

Systolic blood pressure (mmHg)

115.4 (14.2)

115.8 (13.9)

119.4 (15.2)

<0.001c, d

<0.001

Diastolic blood pressure (mmHg)

73.8 (10.1)

74.2 (10.3)

77.3 (10.6)

<0.001c, d

<0.001

Fasting plasma glucose (mg/dL)

102.3 (13.3)

101.9 (8.2)

103.9 (8.0)

<0.026d

0.037

2-hour plasma glucose (mg/dL)

118.5 (25.7)

121.6 (25.2)

122.1 (27.3)

0.170

0.082

HbA1c % (mmol/mol)

5.2 [32]

5.1 [31]

5.4 (36)

Total cholesterol (mg/dL)

205.4 (36.2)

208.2 (36.1)

215.0 (37.2)

0.003d

0.001

LDL-cholesterol (mg/dL)

126.9 (30.4)

127.3 (31.7)

132.7 (33.5)

0.037

0.021

<0.001c, d, e

0.011

HDL-cholesterol (mg/dL)

55.7 (13.4)

56.0 (13.6)

54.0 (12.6)

0.130

0.170

Triglycerides (mg/dL)

115.1 (64.4)

126.6 (71.5)

142.8 (89.1)

<0.001c, d

<0.001

Fasting insulinf (µUI/ml)

5.7 (4.4)

7.7 (5.6)

8.5 (6.9)

<0.001d, f

<0.001

HOMA-IR

1.4 (1.2)

2.0 (1.5)

2.2 (1.8)

<0.001d, e

<0.001

C-reactive proteinf (mg/L)

1.2 (0.6–2.3)

1.1 (0.6–2.7)

1.3 (0.7–3.0)

0.244

0.122

IL-6/IL-10

4.3 (3.0–5.8)

4.4 (3.2–5.8)

4.6 (3.7–5.8)

0.010c

0.003

TNF-α/IL-10

2.7 (3.0–4.9)

3.7 (3.1–4.5)

3.8 (3.3–4.7)

0.044c

0.012

Values are means (SD) or medians (interquartile intervals), except for number of women (%) and for HbA1c reported in % (mmol/mol). SD for HbA1c was 0.6, 0.5 and
0.6 % for tertiles 1, 2 and 3 respectively
Il interleukin, TNF-α tumor necrosis factor-alpha
a

p for trend or linear by linear

b

p value obtained by Chi squared test or ANOVA with Bonferroni correction

c

Tertile 1 versus Tertile 3

d

Tertile 2 versus Tertile 3

e

Tertile 1 versus Tertile 2

f

Log-transformed variables for analysis

of risk level in further analyses [11, 24–27]. Although this
study did not address cardiovascular risk stratification,
clarifying the associations of these biomarkers in low-tomoderate risk condition could base future longitudinal
analyses with such purpose.
Adhesion molecules, like selectins and CAMs, are
stimulated by metabolic disturbances and their role for
the development of the arterial plaque is recognized [10–
12]. Although selectin has a major effect on endothelium
activation, other tissues also express this molecule [10,
28]. At least in part, E-selectin is stimulated by inflammatory cytokines [29–31], which could explain the parallelism between TNF-α and E-selectin concentrations
with the worsening of the metabolic profile observed in
our study. Particularly, transcription of E-selectin occurs
only on the endothelial cell surface, promoting leukocyte
adhesion and migration to the subendothelial region,
which triggers inflammatory response. In agreement with
this underlying mechanism, in our study, inflammatory
indexes (IL-6/IL-10 and TNF-α/IL-10 ratios), but not

CRP, increased significantly across the tertiles of E-selectin. It is possible that low-grade inflammation detectable
by CRP levels may be found in individuals at a higher cardiometabolic risk than those participants of the present
study.
The progressive deterioration of traditional cardiovascular risk factors within near-normal values, in parallel
with elevation of E-selectin concentration, could suggest
the utility of this biomarker in identifying earlier abnormalities in cardiometabolic risk profile [10]. In previous
cross-sectional study, our group reported a direct association of E-selectin and other inflammatory biomarkers
with worsening of the glucose metabolism [32]. Although
our study design precludes establishing cause-effect relationship, the observations of increasing frequencies of
components of the metabolic syndrome across E-selectin
tertiles are in agreement with this hypothesis. Actually, in
a prospective study, endothelial dysfunction was shown
to predict T2DM in women, independent of other risk
factors [7].
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Fig. 1 Frequencies (%) of traditional cardiovascular risk factors in a
subset of ELSA-Brasil participants according to E-selectin tertiles. BMI
body mass index (kg/m2). Pre-diabetes, impaired fasting glycemia
(fasting plasma glucose ≥100 and <126 mg/dL and 2-h plasma
glucose <140 mg/dL) and/or impaired glucose tolerance (2-h
plasma glucose ≥140 and <200 mg/dL and fasting plasma glucose
<126 mg/dL) (ADA). Hypertension, systolic BP ≥130 or diastolic
BP ≥85 mmHg (or antihypertensive treatment). High triglyceride,
triglyceride concentration ≥150 mg/dL (or specific treatment). Low
HDL-cholesterol, HDL-cholesterol <40 mg/dL for men and <50 mg/dL
for women (or specific treatment)

Table 2 Final model of multiple linear regression for the
association of E-selectin concentration (dependent variable) with insulin resistance index
β
Insulin resistance index
Sex (male)
Body mass index

95 % CI

p value

4.424

1.662–7.187

0.002

10.347

3.054–17.639

0.005

1.200

0.188–2.213

0.020

Model adjusted for age (non-significant association)
CI confidence interval

Table 3 Number of participants (%) in tertiles of E-selectin
according to categories of coronary artery calcium (CAC)
score
Tertiles 1 + 2
N = 585

Tertile 3
N = 298

p value

CAC score > zero (%)

70 (11.4)

51 (16.1)

0.042

CAC score >10 (%)

46 (7.9)

36 (12.1)

0.041

CAC score >100 (%)

14 (2.4)

12 (4.0)

0.175

Chi square test was used

Considering that insulin resistance is the central abnormality of the metabolic syndrome, we tested association
of E-selectin with insulinemia and with HOMA-IR in
multiple regression analyses. Associations of E-selectin

with insulin resistance persisted after adjustment for sex
and body adiposity. Along the same line, insulin sensitivity, as assessed by hyperinsulinemic euglycemic clamp,
was found to be negatively correlated to E-selectin levels
[8]. In addition, our data are in agreement with a study
conducted in healthy subjects, in which adhesion molecules were associated with body mass and insulin resistance indexes [33].
Our findings were obtained in a large sample of middle-aged individuals whose body adiposity was nearnormal, but their BMI and waist circumference gradually
increased across E-selectin categories. There is some
evidence that adipocyte-derived pro-inflammatory
cytokines activate the production of endothelium proteins inducing insulin resistance [34]. A positive association of E-selectin with the insulin resistance index
persisted even after adjusting for BMI. Therefore, we
speculate that determination of E-selectin in blood could
be useful to detect not only endothelium dysfunction
but also a condition of insulin resistance independent of
obesity.
Our observation of an association of HOMA-IR
with E-selectin values reinforces a role of insulin resistance for atherosclerosis [5]. The present study had the
opportunity of evaluating structural coronary lesions
by computed tomography in a sub-sample of the ELSABrasil participants. CAC score has been recognized as
an accurate method to detect coronary damage and predict events [21–23]. Due to the clinical characteristics of
our participants, most had negative results for the presence of calcium in coronary arteries (CAC score equal
to zero), which limited assessment of its trend across
tertiles of E-selectin. Combining tertiles 1 and 2, we
observed that the number of CAC scores different from
zero was fewer than those in the third tertile. Considering the importance of E-selectin on the atherosclerotic
process, our results may motivate further investigation of
its potential as an earlier marker that could be a target for
primary prevention. The cohort of ELSA-Brasil will permit not only being able to confirm these associations, but
will provide the opportunity to investigate prospectively
the impact of the exposure to this biomarker and others
on several outcomes [13].
Our study has the strength of measuring this endothelium adhesion molecule in association with cardiometabolic risk factors and CAC score in a big sample size of
middle-aged individuals at low-to-moderate risk. Other
parameters of low-grade inflammation and insulin were
also available. A limitation is related to the cross-sectional design that impedes inference of causality. A large
inter-individual variability was observed similar to previously described.
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Conclusions
In summary, the findings of direct associations of E-selectin with traditional risk factors slightly above their normal ranges, with components of the metabolic syndrome,
insulin resistance and CAC scores different from zero
suggest that this biomarker could be indicating initial atherogenic process. The utility of E-selectin determination
for the improvement of cardiovascular risk prediction
deserves further investigation in longitudinal studies.
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CAC: coronary artery calcium.
Authors’ contributions
BAP participated in the study design, organization of the data, analysis of
novel biomarkers, statistical analysis, interpretation of the results and drafting
the article. FFRF participated in the review of the statistical analysis and of
the article. MSB participated in the interpretation of data and manuscript
drafting.IMB conceived of the ELSA-Brasil study, participated in interpretation
of the results and review of the article. PAL conceived the ELSA-Brasil study,
participated in interpretation of the results and review of the article. SRGF
conceived the actual study, design of the study, participated in interpretation
of the results and review of the article. All authors read and approved the final
manuscript.

Page 6 of 7

3.
4.

5.
6.
7.
8.

9.
10.
11.

Author details
School of Public Health, University of São Paulo, Av. Dr Arnaldo, 715, São
Paulo, SP CEP: 01246‑904, Brazil. 2 Department of Internal Medicine, Federal
University of Pará, Rua Augusto Corrêa, 01‑Guamá, Belém, PA CEP: 66075‑110,
Brazil. 3 Department of Internal Medicine, Centro de Pesquisa do Hospital Uni‑
versitário, University of São Paulo, Av. Lineu Prestes 2565, 4th floor, São Paulo,
SP CEP: 05508‑000, Brazil.

12.

Acknowledgements
The authors would also like to acknowledge the participation of the 15,105
individuals recruited for this study without whom this study and those based
on the ELSA-Brasil cohort would not have been possible.

14.

1

Competing interests
The authors declare that they have no competing interests.
Funding
The ELSA-Brasil baseline study was supported by the Brazilian Ministry of
Health (Science and Technology Department) and the Brazilian Ministry of
Science and Technology and CNPq—National Research Council) (Grants # 01
06 0010.00 RS, 01 06 0212.00 BA, 01 06 0300.00 ES, 01 06 0278.00 MG, 01 06
0115.00 SP, 01 06 0071.00 RJ). The current work was supported by grant from
the São Paulo State Foundation for Research Support (Fundação de Amparo
à Pesquisa do Estado de São Paulo—FAPESP—Protocol 2010/00074-6), São
Paulo, SP, Brazil.

13.

15.

16.
17.

18.

Received: 17 September 2015 Accepted: 17 February 2016
19.

References
1. Christopher JL, Murray CJL, Lopez AD. Measuring the global burden of
disease. N Engl J Med. 2013;369:448–57. doi:10.1056/NEJMra1201534.
2. Levi F, Lucchini F, Negri E, La Vecchia C. Trends in mortality from cardio‑
vascular and cerebrovascular diseases in Europe and other areas of the
world. Heart. 2002;88(2):119–24.

20.
21.

Curioni C, Cunha CB, Veras RP, Andre C. The decline in mortality from
circulatory disease in Brazil. Pan Am J Public Health. 2009;25(1):9–14.
Bonora E, Formentini G, Calcaterra F, Lombardi S, Marini F, Zenari L,
Saggiani F, Poli M, Perbellini S, Raffaelli A, Cacciatori V, Santi L, Targher
G, Bonadonna R, Muggeo M. HOMA-estimated insulin resistance is an
independent predictor of cardiovascular disease in type 2 diabetic sub‑
jects: prospective data from the Verona Diabetes Complications Study.
Diabetes Care. 2002;25(7):1135–41.
Pradhan AD, Manson JE, Rifai N, Buring JE, Ridker PM. C-reactive protein,
interleukin 6, and risk of developing type 2 diabetes mellitus. JAMA.
2001;286:327–34.
Ford ES, Zhao G, Li C. Pre-diabetes and the risk for cardiovascu‑
lar disease: a systematic review of the evidence. J Am Coll Cardiol.
2010;55(13):1310–7.
Meigs JB, Hu FB, Rifai N, Manson JE. Biomarkers of endothelial dysfunc‑
tion and risk of type 2 diabetes mellitus. JAMA. 2004;291(16):1978–86.
doi:10.1001/jama.291.16.1978.
Adamska A, Karczewska-Kupczewska M, Nikołajuk A, Otziomek E,
Go´rska M, Kowalska I, Straczkowski M. Relationships of serum soluble
E-selectin concentration with insulin sensitivity and metabolic flexibility
in lean and obese women. Endocrine. 2014;45:422–9. doi:10.1007/
s12020-013-0025-9.
Ross R. The pathogenesis of atherosclerosis: a perspective for the 1990s.
Nature. 1993;363:801–9.
Gearing AJH, Hemingway I, Pigott R, Hughes J, Rees AJ, Cashman SJ.
Soluble forms of vascular adhesion molecules, E-selectin, ICAM-1, and
VCAM-1: pathologic significance. Ann NY Acad Sci. 1992;667:324–31.
Hwang S-J, Ballantyne CM, Sharrett AR, Smith LC, Davis CE, Gotto AM,
Boerwinkle E. Circulating adhesion molecules VCAM-1, ICAM-1, and
E-selectin in carotid atherosclerosis and incident coronary heart disease
cases. The atherosclerosis risk in communities (ARIC) study. Circulation.
1997;96:4219–25.
Jude EB, Douglas JT, Anderson SG, Young MJ, Boulton AJM. Circulating
cellular adhesion molecules ICAM-1, VCAM-1, P- and E-selectin in the
prediction of cardiovascular disease in diabetes mellitus. Eur J Intern Med.
2002;13(3):185–9.
Bensenor IM, Griep RH, Pinto KA, Faria CP, Felisbino-Mendes M, Caetano
EI, Albuquerque Lda S, Schmidt MI. Routines of organization of clinical
tests and interviews in the ELSA-Brasil investigation center. Rev Saude
Publica. 2013;47(2):37–47.
Mill JG, Karina Pinto K, Griep RH, Goulart A, Foppa M, Lotufo PA, et al.
Medical assessments and measurements in ELSA-Brazil. Rev Saúde
Pública. 2013;47(Supl 2):S54–62.
Aquino EML, Barreto SM, Bensenor IM, Carvalho MS, Chor D, Duncan B,
Lotufo PA, Mill JG, Molina MDC, Mota ELA, Passos VMA, Schmidt MI, Szklo
M. Brazilian Longitudinal Study of Adult Health (ELSA-Brasil): objectives
and design. Am J Epidemiol. 2012;175(4):315–24.
American Diabetes Association. Diagnosis and classification of diabetes
mellitus. Diabetes Care. 2010;33(Suppl 1):S62–9.
Alberti KGMM, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato
KA, Fruchart JC, Philip W, James T, Loria CM, Smith SC. Harmonizing the
metabolic syndrome: a joint interim statement of the Association for the
Study of Obesity; Heart Federation; International Atherosclerosis Society;
and International National Heart, Lung, and Blood Institute; American
Heart Association; World International Diabetes Federation Task Force on
Epidemiology and Prevention. Circulation. 2009;120:1640–5.
Fedeli LG, Vidigal PG, Leite CM, Castilhos CD, Pimentel RA, Maniero VC,
Mill JG, Lotufo PA, Pereira AC, Bensenor IM. Logistics of collection and
transportation of biological samples and the organization of the central
laboratory in the ELSA-Brasil. Rev Saude Publica. 2013;47(2):63–71.
Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC.
Homeostasis model assessment: insulin resistance and beta-cell function
from fasting plasma glucose and insulin concentrations in man. Diabeto‑
logia. 1985;28(7):412–9. doi:10.1007/BF0028088.
Elenkov IJ, Chrousos GP, Wilder RL. Neuroendocrine regulation of
IL-12 and TNF-α/IL-10 balance: clinical implications. Ann N Y Acad Sci.
2000;917:94–105.
Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR, Viamonte M, Detrano
R. Quantification of coronary artery calcium using ultrafast computed
tomography. J Am Coll Cardiol. 1990;15:827–32.

de Almeida‑Pititto et al. Diabetol Metab Syndr (2016) 8:19

22. Erbel R, Möhlenkamp S, Moebus S, Schmermund A, Lehmann N, Stang A,
Dragano N, Grönemeyer D, Seibel R, Kälsch H, Bröcker-Preuss M, Mann K,
Siegrist J, Jöckel KH, Nixdorf Recall Study Investigative Group. Coronary
risk stratification, discrimination, and reclassification improvement based
on quantification of subclinical coronary atherosclerosis: the Heinz
Nixdorf Recall Study. JACC. 2010;56:1397–406.
23. Rumberger J, Brundage B, Rader D, et al. Electron beam computed
tomographic coronary calcium scanning: a review and guidelines for use
in asymptomatic persons. Mayo Clin Proc. 1999;74(3):243–52.
24. Hlatky MA, Greeland P, Amett DK, Ballantyne CM, Criqui MH, Elkind
MSV, Go AS, Harrel FE, Hong Y, Howard BV, Howard VJ, Hsue PY, Kram‑
mer CM, McConnell JP, Normand SL, O’Donnell CJ, Smith SC, Wilson
PW. Criteria for evaluation of novel markers of cardiovascular risk: a
scientific statement from the American Heart Association. Circulation.
2009;119:2408–16.
25. Ridker PM, Rifai N, Stampfer MJ, et al. Plasma concentration of inter‑
leukin-6 and the risk of future myocardial infarction among apparently
healthy men. Circulation. 2000;101:1767–72.
26. Ridker PM, Rifai N, Pfeffer M, et al. Elevation of tumor necrosis factor-α and
increased risk of recurrent coronary events after myocardial infarction.
Circulation. 2000;101:2149–53.
27. Ridker PM, Buring JE, Rifai N. Soluble P-selectin and the risk of future
cardiovascular events. Circulation. 2001;103:491–5.

Page 7 of 7

28. Danesh J, Whincup P, Walker M, et al. Low grade inflammation and coro‑
nary heart disease: prospective study and updated meta-analyses. BMJ.
2000;321:199–204.
29. Rahman A, Kefer J, Bando M, Niles WD, Malik AB. E-selectin expression in
human endothelial cells by TNF-alpha-induced oxidant generation and
NF-kappa B activation. Am J Physiol. 1998;275(3 Pt 1):L533–44.
30. Blobe GC, Schiemann WP, Lodish HF. Role of transforming growth factor β
in human disease. N Engl J Med. 2000;342:1350–8.
31. Lefer AM, Ma XL, Weyrich AS, Scalia R. Mechanism of the cardioprotective
effect of transforming growth factor beta 1 in feline myocardial ischemia
and reperfusion. Proc Natl Acad Sci USA. 1993;90(3):1018–22.
32. Almeida-Pititto B, Ribeiro-Filho FF, Bensenor IM, Lotufo PA, Ferreira SRG.
Novel biomarkers of cardiometabolic rsik are associated with plasma
glucose within non-diabetic range. The Brazilian Longitudinal Study of
Adult Health—ELSA-Brazil. Diabetes Res Clin Pract. 2015. doi:10.1016/j.
diabres.2015.04.021.
33. Yudkin JS, Stehouwer CD, Emeis J, Coppack SW. C-reactive protein
in healthy subjects: associations with obesity, insulin resistance, and
endothelial dysfunction: a potential role for cytokines originating from
adipose tissue? Arterioscler Thromb Vasc Biol. 1999;19:972–8.
34. Wisse BE. The inflammatory syndrome: the role of adipose tissue
cytokines in metabolic disorders linked to obesity. J Am Soc Nephrol.
2004;15:2792–800.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

