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Abstract

Background: Neck circumference (NC) is associated with traditional cardiovascular risk factors (CVRF), but its
usefulness to identify earlier atherogenic risk has been scarcely examined. Associations of NC with non-traditional
CVRF were investigated in participants at low-to-moderate risk from the Brazilian Longitudinal Study of Adult Health
(ELSA-Brasil).

Methods: 807 individuals (35-54 years) without obesity, diabetes or cardiovascular disease was stratified into quar-
tiles of NC (cut-off for men: 36.5; 37.9 and 39.5 cm; women: 31.4; 32.5 and 34 cm) and traditional and non-traditional
risk factors (lipoprotein subfractions by Vertical Auto Profile, adiponectin, leptin, E-selectin) were compared across
groups. In linear regression models, associations of NC with non-traditional risk factors were tested for the entire sam-
ple and for low-risk group (< 2 CVRF).

Results: In both sexes, BMI, waist circumference, systolic and diastolic blood pressure, fasting and 2-h plasma glu-
cose, HOMA-IR, triglycerides, leptin, E-selectin, small dense LDL-cholesterol, IDL-cholesterol, VLDL;-cholesterol and
TG/HDL ratio increased significantly, while HDL,-cholesterol and HDL;-cholesterol decreased across NC quartiles. In
linear regression models, a direct association [3(95% Cl)] of NC with leptin [(0.155 (0.068-0.242); 0.147 (0.075-0.220)],
E-selectin [(0.105 (0.032-0.177); 0.073 (0.006 to 0.140)] and small-dense LDL [(1.866 (0.641-3.091); 2.372 (1.391-3.353)]
and an inverse association with HDL,-cholesterol [(—0.519 (—0.773 to —0.266); —0.815 (—1.115 to 0.515)] adjusted
for age were detected for men and women, respectively.

Conclusion: Our findings indicate that measurement of NC may be useful for an earlier identification of unfavorable
atherogenic metabolic profile in middle-aged individuals at lower cardiovascular risk level.
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Introduction

Cardiovascular disease (CVD) is the leading cause of
disability adjusted life years (DALYs) worldwide, par-
ticularly in developing countries [1]. Earlier identifi-
cation of at-risk individuals using novel risk markers
could anticipate the implementation of preventive
strategies.

Considering the role of insulin resistant adipose tis-
sue in atherogenesis, measuring accurate adiposity indi-
cators of cardiometabolic risk are clinically informative.
Beyond the usefulness of body mass index (BMI) and
waist circumference (WC), there is some evidence that
neck circumference (NC) could also reflect upper-body
fat deposition, enhancing the identification of high-risk
individuals [2]. Increased NC has been reported in asso-
ciation with sleep apnea, elevated blood pressure, insulin
resistance, lipid abnormalities and metabolic syndrome
[3]. More recently, in studies including high-risk or dia-
betic individuals, NC was also associated with C-reactive
protein (CRP), uric acid and carotid intimal-media thick-
ness [4, 5]. How NC could help predicting cardiometa-
bolic risk earlier has not been adequately investigated in
large studies. The relationship between NC and non-tra-
ditional cardiovascular biomarkers in non-obese individ-
uals without overt CVD warrants further investigation.

Great debate exists regarding the utility of circulating
biomarkers of inflammation and endothelial dysfunction
[6] and of atherogenic lipoprotein subfractions, which
are increased in obesity prior to the development of
overt type 2 diabetes or cardiovascular events [7]. Since
these biomarkers play pathophysiological roles, they may
represent an opportunity to identify risk earlier in the
natural course of cardiometabolic diseases. E-selectin
concentrations are associated with increased risk of dia-
betes mellitus [8] and calcium deposition in coronary
arteries of low-to-moderate risk individuals [9]. Leptin
and adiponectin are cytokines related to body adipos-
ity and systemic inflammatory tone [10, 11]. Lipoprotein
subfractions influence cardiovascular risk [12]. Increased
serum concentrations of very low-density lipoproteins,
remnant lipoproteins, small dense low-density lipo-
protein (LDL), and decreased high-density lipoprotein
(HDL) particles levels have been consistently associ-
ated with coronary heart disease [13, 17]. However, their
predictive value for clinical practice is still not widely
endorsed.

In this cross-sectional analysis of participants from
the Brazilian Longitudinal Study of Adult Health (ELSA-
Brasil) [14], we hypothesized that NC could identify an
atherogenic profile based on determinations of non-
traditional cardiovascular risk factors, namely adipocy-
tokines (adiponectin and leptin), an endothelial adhesion
molecule (E-selectin), and lipoprotein sub fractions in
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non-obese individuals at low-to-moderate cardiovascular
risk.

Methods

Design and population study

ELSA-Brasil [15] is an ongoing prospective cohort that
enrolled 15,105 civil servants aged 35-74 years (54%
women) in Brazil and aims to investigate type 2 diabe-
tes, CVD and their risk factors [16]. The present cross-
sectional analysis was based on the baseline data (carried
out from August 2008 through December 2010) from a
random sample of 1000 out of 5061 participants of the
Sédo Paulo research center included in a sub study aimed
to evaluate the cardiometabolic profile based on non-
traditional cardiovascular biomarkers (inflammatory and
endothelial dysfunction biomarkers). The inclusion crite-
ria were age range of 35—54 years and absence of diabetes
(self-reported diabetes plus use of hypoglycemic drug or
diabetic diagnosis by oral glucose tolerance test) and self-
reported CVD. For the current analysis, obese individu-
als were excluded (BMI > 30 kg/m?). The sample was then
composed of 807 participants. The institutional ethics
committee approved the study and written consent was
obtained from all participants.

Traditional CVRF

Body weight and height were measured using calibrated
electronic scales and a fixed rigid stadiometer, while
individuals wore light clothing without shoes. BMI was
calculated as weight (in kilograms) divided by squared
height (in meters). Waist circumference was measured
with an inextensible tape according to the World Health
Organization technique. NC was measured with indi-
viduals sitting and looking horizontally, using an inelas-
tic tape, perpendicular to the long axis of the neck, right
under the thyroid cartilage. Blood pressure was taken
three times after a 5-min rest in the sitting position and
the mean between the second and third measurements
was used [16].

Participants underwent a 2-h 75-g oral glucose toler-
ance test (OGTT) for diagnosing categories of glucose
tolerance [16]. Insulin resistance was estimated using the
HOMA-IR index: fasting insulin (pUI/mL) x fasting glu-
cose (mmol/L)/22.5 [17]. Plasma glucose was determined
by the hexokinase method (ADVIA Chemistry; Siemens,
Deerfield, Illinois, USA). ELISA kits were used for the
determination of insulin (Siemens, Tarrytown, USA).
Glomerular filtration rate (GFR) was estimated using the
formula of Chronic Kidney Disease Epidemiology Col-
laboration—CKD-EPI [18].

Participants were categorized according to the pres-
ence of the following cardiovascular risk factors: (1)
WC > 102 cm for men or > 88 cm for women; (2) systolic
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or diastolic blood pressure > 130/85 mmHg or antihyper-
tensive treatment; (3) fasting plasma glucose >100 mg/
dL and <126 mg/dL in the absence of antidiabetic agents;
(4) triglyceride > 150 mg/dL, or specific treatment; (5)
HDL-C <40 mg/dL for men and <50 mg/dL for women,
or specific treatment [20]. Those who had up to 2 abnor-
malities were considered at lower risk for cardiovascular
disease and those with 3 or more of these cardiovascular
risk factors were considered as having a higher cardiovas-
cular risk.

Non-traditional CVRF

Aliquots were frozen at —80 °C for further determi-
nations of adipocytokines and lipid subfractions [16].
ELISA kits were used for the determination of adiponec-
tin, leptin and E-selectin (Enzo Life Sciences, Farming-
dale, NY, USA).

Lipid profiles were characterized by VAP test-
ing (Atherotech, Birmingham, AL, USA), which is an
inverted rate zonal, single vertical spin, density gradi-
ent ultracentrifugation method to separate lipoproteins
into their subclasses [19]. This technique directly meas-
ures the total cholesterol in LDL real cholesterol (LDLr-
C) and LDL subfractions (LDL-C,_,); VLDL-C (very
low-density lipoprotein cholesterol) (VLDL-C,,, and
VLDL;-C); IDL-C (intermediate density lipoprotein);
total HDL-C and its subfractions (HDL,-C and HDL;-C);
and lipoprotein (a).

Here, we evaluated T-Cholesterol and its subfractions:
LDL-C (real LDL-C+IDL-C+ Lp (a)-C), IDL-C and the
real LDL (LDL,-C), which is biochemically defined by
LDL-C fraction from the ultracentrifugation separation
of the lipids by VAP. In addition, the following subclasses
were evaluated: small dense LDL-C (LDL;-C+LDL,-C);
larger buoyant LDL-C (LDL,-C+LDL,-C); VLDL;-C
(small dense cholesterol-rich VLDL subfraction); non-
HDL-C (non-high-density lipoprotein cholesterol) that
corresponds to a sum of LDL,-C, VLDL-C, IDL-C and Lp
(a) was analyzed; HDL-C and its sub-fractions HDL,-C
(larger, buoyant subclass) and HDL;-C (smaller, denser
subclass). Finally, we calculated the logarithm of LDL-C
density ratio [LLDR, In ((LDL,;-C+LDL,-C)/(LDL,-
C+LDL,-C))], which is closely related to ultracentrifu-
gation-derived LDL density phenotype [18]. Total plasma
triglycerides were measured by an enzymatic colorimet-
ric assay (ADVIA 1200, Siemens, Calif., USA).

Statistical analyses

Data were expressed as mean and standard deviation
(SD) or as median and interquartile range (IQR) accord-
ing to continuous variables distribution. Individu-
als were stratified into quartiles of neck circumference
(Men: first quartile, Q1,<36.5 cm; second quartile, Q2,
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36.5 t0<37.9 cm; third quartile, Q3, 37.9 t0<39.5 cm;
forth quartile, Q4,>39.5 cm. Women: first quartile,
Q1,<31.4 cm; second quartile, Q2, 31.4 to<32.5 cm;
third quartile, Q3, 32.5 to<34 cm; fourth quartile,
Q4,> 34 cm). Continuous and categorical variables were
compared across NC quartiles using ANOVA and the
Chi square test, respectively.

Multiple linear regression models were built to test the
associations of NC with biomarkers, lipids and its sub-
fractions, adjusted for age, in total sample, and accord-
ing to the low-risk group. To evaluate the behavior of this
association in individuals at different levels of cardiovas-
cular risk, the linear regression analysis was also strati-
fied by the presence of up to 2 cardiovascular risk factors.
Statistical analyses were performed using the Statistical
Package for Social Sciences, version 19.0 for Windows
(SPSS Inc., Chicago, Illinois, USA). A p value<0.05 was
considered significant.

Results

Of the 807 individuals, 441 were women. Table 1 shows
the comparison of mean (SD) or median (IQR) of the
risk factors and subfractions of cholesterol across the
NC quartiles according to sex. In both sexes, most car-
diovascular risk factors such as WC, BMI, systolic and
diastolic blood pressure, seric creatinine, fasting and 2-h
plasma glucose, HOMA-IR triglycerides increased grad-
ually across the NC quartiles but total cholesterol and
total and real LDL-cholesterol (Table 1). HDL-C levels
and estimated glomerular filtration rate fasting and 2-h
plasma glucose, HOMA-IR triglycerides increased grad-
ually across the NC quartiles but not total cholesterol
and total and real LDL-cholesterol (Table 1). HDL-C lev-
els were inversely associated with NC quartiles in both
sexes with borderline significance. Leptin, E-selectin,
small dense LDL-C, IDL-C, VLDL;-C and TG/HDL ratio
increased, and HDL,-C and HDL;-C decreased, while
adiponectin, large LDL and log LDL-DR did not differ
across the quartiles.

The frequency of central obesity defined by WC was
4.9% and 14.3%, hypertension 24.3% and 12.0%, hyper-
triglyceridemia 32.8% and 14.5%, low HDL-cholesterol
levels 13.7% and 19.7% and pre-diabetes 75.1% and 54.2%
in men and women, respectively. Those who had up to 2
traditional CVRF were considered at low-risk (83% men
and 89% women). The prevalence of having 3 or more
traditional CVRF increased across the groups of neck
quartiles (Q1: 6.7% and 2.9%; Q2: 9.8% and 7.8%; Q3:
21.2% and 11.7%; Q4: 30.6% and 19.8%) in both men and
women respectively. For each age-adjusted 1 cm increase
in NC, changes of +2.3 c¢cm in waist circumference,
+0.85 kg/m? in BMI, 4+0.5 mg/dL in fasting glucose
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and +0.9 mmHg in systolic blood pressure for men and
women were observed.

Biomarkers related to atherogenesis—leptin, E-selectin,
small LDL and HDL2—increased across the NC quartiles
for each sex are shown in Fig. 1. There is a tendency for
worsening of the lipid profile according to an increase of
NC was observed.

Due to the pattern observed for leptin, E-selectin,
small-dense LDL and HDL, concentrations across the
NC categories, the association between each of these
variables was examined in linear regression analysis. A
direct and independent association of NC with leptin,
E-selectin and small-dense LDL and an inverse inde-
pendent association with adiponectin and HDL, were
detected for the entire sample and also for individuals of
both sexes with <2 risk factors (Table 2). For the group
of participants with>3 cardiovascular risk factors the
results were not significant.

Sensitivity analyses, excluding participants under med-
ications (antihypertensive and/or lipid reducing agents
and/or hormone therapy), current smoking and meno-
pause were performed but results did not change.

Discussion

Our findings showed the ability of NC to identify a risk
profile, including non-traditional biomarkers such as lep-
tin, E-selectin and lipoprotein subfractions, in non-obese
individuals, considered at low-to-moderate cardiovascu-
lar risk.

Despite the recognized impact of traditional cardio-
vascular risk factors such as increased age, hyperten-
sion, smoking, diabetes and abnormalities in lipoprotein
metabolism [20], a considerable proportion of individuals
without these factors sustain cardiovascular events. Con-
sidering the multiplicity of factors involved in atherogen-
esis, measurement of markers of endothelial dysfunction
and insulin resistance could help identify subsets of
patients at increased cardiovascular risk.

Some studies have already reported the association
of NC with cardiovascular risk factors, namely central
obesity, hypertension, insulin resistance, and dyslipi-
demia in individuals at higher cardiovascular risk [4,
21-23]. NC was suggested as a risk factor independ-
ent of adipose tissue mass and distribution [2]. Fur-
thermore, NC was found to be a predictor of fatal and
non-fatal cardiovascular events as well as of renal dys-
function in a sample of high-risk patients, [24, 25], but
we are not aware of studies that have evaluated the role
of NC in low risk individuals as we did. In the present
study, even in non-obese individuals, increments in
waist circumference, blood pressure, and plasma glu-
cose values were observed across NC quartiles, while
HDL-cholesterol and estimated glomerular filtration
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rate decreased. We emphasize that the mean values of
these traditional cardiovascular risk factors, creatinine
and estimated glomerular filtration rate, were within
normal ranges.

A gradual increase of leptin and decrease of adi-
ponectin levels were detected across the NC quartiles.
Previous studies have shown that low adiponectin and
high leptin levels were associated with a pro-inflamma-
tory state, insulin resistance and coronary artery cal-
cium severity in adults [4, 26]. It was suggested that NC
could be a predictor of low-grade systemic inflamma-
tion in adults as it was reported in children [27]. Our
findings support the assumption that NC could identify
low-to-moderate risk individuals who already have a
worse profile of adipocytokines related to insulin resist-
ance and low grade inflammation.

Leukocyte-endothelial cell adhesion molecules,
such as E-selectin, are also expressed in response to
cytokines and play a role in the atherogenesis [28].
Interestingly, we found a linear increase in E-selectin
concentrations in parallel to increases in NC as shown
in Fig. 1 (p for trend =0.039 for women and 0.004 for
men). In a previous analysis of the ELSA-Brasil, we
reported that E-selectin was associated with insulin
resistance and the presence of calcium in coronary
arteries in individuals without diabetes or cardiovas-
cular disease [29]. We proposed that higher circulat-
ing E-selectin levels, found across the quartiles of NC,
might be suggestive of early atherogenesis, as well as of
an early disturbance of glucose metabolism.

We used the VAP measurements to provide informa-
tion beyond the basic lipid profile and may help iden-
tify individuals at higher cardiovascular risk. Small
dense LDL are biophysically more likely to access the
subendothelial space and more prone to oxidation. It
is known that hypertriglyceridemia and low HDL-C
are associated with a predominance of small dense
LDL-C (LDL;-C and LDL,-C) particles (also known as
phenotype B) [30, 31]. Increased hepatic lipase activity
and triglyceride enrichment of lipoproteins are com-
monly found in states of insulin resistance, resulting
in a reduction of HDL-C—predominantly the HDL,-C
subclass—and a relative or absolute increase in the
small dense HDL;-C [31, 32]. This scenario accelerates
atherogenesis, contributing to elevate cardiovascular
risk. In this context, NC was able to indicate similar
lipoprotein subfractions alterations (HDL,-C reduc-
tion, TG/HDL ratio elevation) that are strongly associ-
ated with insulin resistance and small LDL. In addition,
it was directly associated with small-dense LDL-C and
negatively with HDL,-C, maintaining significance even
when including only low risk individuals. Therefore, we
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hypothesize that NC might be a useful proxy of early
lipid profile disturbances involved in atherogenesis.

It is well known the importance of other anthropomet-
ric measurements, such as BMI and waist circumference,
to predict cardiometabolic risk and the actual study pro-
vide evidence that NC could be another anthropometric
measurement to identify early atherogenic profile. To
emphasize the usefulness of NC, this study evaluated a
sample constituted by non-obese individuals (BMI up to
30) and regression analysis were stratified according to
the number of CV risk factors. Waist circumference did
not enter in final models of multiple regression analysis
to avoid over adjustments, since NC is associated with
waist and both may represent the association between
adiposity and cardiometabolic risk. Comparing to waist
circumference, neck circumference might be an easier
performed anthropometric measurement for clinical
practice.

The cross-sectional design of this study limits con-
cluding that increased NC is causal for the associations
described herein. Increased NC is highly correlated with
increased insulin resistance, a driving force for many of
the metabolic alterations we found. Significant associa-
tions of NC with non-traditional risk factors were not
detected in our linear regression analyses, and two possi-
ble explanations were considered: the number of individ-
uals with 3 or more cardiovascular risk factors (63 men
and 47 women) could be not sufficient to reach statistical
significance. Also, we could hypothesize that the risk of
individuals with >3 major risk factors is already so high
that elevated non-traditional risk factors do not differ
among the NC quartiles anymore.

Strengths of our study were its large sample of low-
moderate risk individuals and the analysis of novel circu-
lating markers of initial arterial damage. The follow-up of
these ELSA-Brasil participants should allow us to test the
hypothesis raised in this present study.

In conclusion, this study verified that non-obese indi-
viduals with higher neck circumference demonstrate
more abnormalities in traditional risk factors and non-
traditional risk factors such as leptin, adiponectin and
selectin as well as a more atherogenic lipid profile even
in a low-risk group. Neck circumference is an eas-
ily performed anthropometric measurement that may
potentiate early identification of those individuals at low-
to-moderate risk in whom markers of atherogenesis are
readily detected.
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