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Neck circumference can be used as a
valuable tool to screen the cardiovascular risk
factors in Chinese elderly: a community based study
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Abstract: Objective: This study aimed to investigate the correlation between neck circumference and cardiovascular
risk factors including diastolic blood pressure, systolic blood pressure, triglycerides, total cholesterol and fasting
plasma glucose in Chinese elderly. Methods: 2074 individuals of the East China elderly population over 65 years
old were analyzed. Anthropometric index, lifestyle and past history were recorded. The biomarkers of fasting plasma
glucose, total cholesterol, triglyceride and total bilirubin were detected. Pearson’s correlation analysis, and multiple
linear regression analysis were used to evaluate the correlation between neck circumference and cardiovascular
risk factors (diastolic blood pressure, systolic blood pressure, triglycerides, total cholesterol and fasting plasma glucose). Results: Neck circumference was correlated with the investigative cardiovascular risk factors (diastolic blood
pressure, systolic blood pressure, triglycerides, fasting plasma glucose) (P < 0.001). After adjusting age and gender,
multiple linear regression analysis showed that neck circumference was positively correlated with systolic blood
pressure, diastolic blood pressure, fasting plasma glucose, and triglycerides (P < 0.05). After a further adjustment
of smoking, drinking, physical exercise and lifestyle, there was still a significant difference in correlation between
neck circumference and each relevant index (P < 0.05). Conclusion: We found that neck circumference was closely
associated with cardiovascular risk factors including diastolic blood pressure, systolic blood pressure, triglycerides
and fasting plasma glucose.
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Introduction
Overweight and obesity have become a worldwide epidemic, its prevalence sharply increased
on a globe scale [1]. In 2002, in data of “China
National Nutrition and Health Survey”, overweight rate was 22.8% and obesity rate was
7.1% in China adult, compared with data 10
years ago, overweight rate increased by 39%
and obesity rate increased by 97% in adult [2].
In 2007-2008, it was estimated that 34.2%
of adults aged 20 years and over were overweight and 33.8% are obese in the United
States, while in 2009-2010, the prevalence of
obesity was 35.5% in adult male and 35.8% in
adult female [3, 4]. Overweight and obesity are
a serious threat to human health.

Overweight and obesity are closely related to
the cardiovascular risk factors such as hypertension, diabetes, hyperlipidemia and other diseases [5]. Overweight and obesity are often
accompanied by abnormal lipid metabolism
and distribution, and the risk of cardiovascular
events resulted by that has an important relationship with the different distribution of adipose tissue [6]. Even in populations with the
same total fat, due to the different fat distribution in body, the risk of cardiovascular metabolic diseases happened in them is not the
same, and visceral fatty obesity is closely related to risk factors of hypertension, diabetes, dyslipidemia and other cardiovascular diseases
[7]. The prognosis of patients with visceral obesity is worse [8], and mortality is more obvious

Neck circumference in screening cardiovascular risk factors
Table 1. Demographic, lifestyle, anthropometric and clinical characteristics according to genders
Demographics
N
Age (years)
Lifestyle
Current smoker n (%)
Alcohol use n (%)
Activity time (h/w)
Anthropometric
Weight (kg)
Height (cm)
BMI (kg/m2)
WC (cm)
NC (cm)
NHtR
NWtR
Clinical
History of diabetes n (%)
History of CHD n (%)
History of HBP n (%)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
TG (mmol/L)
TC (mmol/L)
FPG (mmol/L)
TBIL (μmol/L)

Females
1109
73.61±7.00

Males
965
72.75±6.36

P
0.004

27 (2.43%)
17 (15.33%)
5.254.27

215 (22.28%) 0.000
142 (14.72%) 0.000
5.914.71
0.001

57.14±9.84
154.6±35.87
23.87±3.76
85.3110.25
34.35±2.75
0.22±0.02
0.61±0.08

65.73±10.30
166.5±56.05
23.67±3.34
87.929.18
37.81±2.81
0.23±0.02
0.59±0.07

0.000
0.000
0.189
0.000
0.000
0.000
0.000

diovascular risk factors in
the elderly. Therefore, this
study took the East China
elderly population over 65
years old in community as
study samples to investigate
the correlation between NC
and cardiovascular metabolic risk factors via cross-sectional analysis.
Materials and methods
Subjects

The cross-sectional study
was conducted in 11 urban
communities in Shanghai
Pudong New Area from
January 2012 to March
2012. The total number
195 (17.58%) 149 (15.44%) 0.216
of people in survey was
195 (17.58%) 144 (14.92%) 0.109
2074 subjects (73.21±6.719
584 (52.66%) 476 (49.33%) 0.188
years, 46.4% men). Inclusion
135.35±15.77 133.71±16.00 0.019
criteria was: the residents
77.29±8.53
78.58±8.90 0.001
who lived in the communi1.63±0.92
1.46±0.91
0.000
ties for over 5 years, aged
5.76±1.02
5.22±0.97
0.000
over 65 years old and were
6.32±1.83
6.23±1.59
0.242
voluntary to join in; Exclu11.99±4.57
14.38±5.45 0.000
sion criteria was: the resiNotes: BMI: Body mass index; WC: Waist circumference; NC: Neck circumference;
dents who had thyromegaNHtR: Neck circumference-height ratio; NWtR: Neck circumference-weight ratio;
ly had severe systemic disCHD: Coronary heart disease; HBP: High blood pressure; TG: Triglyceride; TC: Total
eases (such as liver and
cholesterol; FPG: Fasting plasma glucose; TBIL: Total bilirubin. P values < 0.05 were
kidney dysfunction, cancer,
considered significant.
heart failure, AIDS); were
body builder or professional
[9]. Studies have shown that, in the Chinese
and amateur athletes. All participants signed
population, neck circumference (NC) is closely
informed consent. The study was approved by
correlated with abdominal visceral adipose tisInstitutional Review Board of No. 3 People Hossue [10].
pital Affiliated to Shanghai Jiaotong University
School of Medicine, and complying with the
NC, a relatively new method to distinguish norHelsinki Declaration.
mal and abnormal fat distribution, is an imporClinical data collection
tant indicator to reflect the upper body subcutaneous fat [11]. In recent years, more and more
The standard questionnaire was used to collect
studies show that upper body fat accumulation
age, gender, smoking, alcohol consumption,
plays an important role in metabolic diseases
physical exercise time, previous hypertension,
[11, 12] and has a good correlation with multidiabetes and the situation of coronary heart
ple cardiovascular risk factors [13-15]. Howdisease history. Current smoker were defined
ever, the current studies on the assessment
as persons who reported smoking every day or
of correlation between NC and metabolic risk
every few days and has been smoking at least
factors either limit to the younger crowd [16,
100 cigarettes in lifetime during investigation.
17] or stretch across the entire age spectrum
Alcohol use was defined as that man drinks
[12, 18, 19], there is still a lack of research
about data analysis for exploring NC and carevery day containing alcohol more than 20-30 g
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Table 2. Clinical characteristics of Patients with coronary
artery diseases
Variables
Age
Current smoker n (%)
Alcohol use n (%)
Activity time (h/w)
Height (cm)
Weight (kg)
WC (cm)
NC (cm)
BMI (kg/m2)
SBP (mmHg)
DBP (mmHg)
FPG (mmol/L)
TC (mmol/L)
TG (mmol/L)
TBIL (μmol/L)
History of HBP, n (%)
History of DM, n (%)

Without CHD
With CHD
P value
(n=1735)
(n=339)
72.90±6.67
74.82±6.74
< 0.001
257 (14.81)
34 (10.03)
< 0.001
286 (16.48)
44 (12.98)
< 0.001
5.65±4.56
5.07±4.08
0.031
160.26±8.323 159.69±8.868 0.253
61.07±10.92
61.50±11.02
0.502
86.36±9.86
87.41±9.79
0.072
35.71±3.27
36.12±3.26
0.035
23.73±3.60
24.06±3.46
0.118
134.56±15.97 134.84±15.71 0.766
78.03±8.80
77.21±8.25
0.112
6.25±1.66
6.41±1.99
0.126
5.53±1.01
5.38±1.11
0.014
1.54±0.90
1.63±0.98
0.071
13.03±5.01
13.76±5.11
0.015
826 (47.6%)
226 (66.95) < 0.001
276 (15.9%)
66 (19.5%)
0.061

is straight and eyes look forward,
and horizontal measurement is conducted in the upper margin of the
laryngeal prominence. Body mass
index (BMI) was obtained by weight
(kg) dividing by square of height (m).
Blood biochemical assays
Venous blood samples that were
obtained after 12 hours overnight
fast were used to measure fasting
plasma glucose (FPG), triglycerides
(TG), total cholesterol (TC) and total
bilirubin (TBIL). Blood samples were
stored at -80°C in low temperature
refrigerator.
Statistical analysis

The Kolmogorov-Smimov test was
applied to assess the assumption
of normality for the data. Data were
reported as mean ± standard deNotes: WC: Waist circumference; NC: Neck circumference; BMI: Body mass
viation (SD) or median/interquartile
index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; FPG:
range according to the normal distriFasting plasma glucose; TG: Triglyceride; TC: Total cholesterol; TBIL: Total
bution status, and the enumeration
bilirubin; HBP: High blood pressure; DM: Diabetes mellitus.
data was expressed as rate. Analysis
of variance was used to compare the
or women drinks every day containing alcohol
measurement data between multiple groups,
more than 10-20 g. Hypertension referred to
and non-parametric test was used to compare
systolic blood pressure ≥ 140 mmHg or diasthe enumeration data. Pearson’s correlation
tolic blood pressure ≥ 90 mmHg or a history
analysis was used to analyze the correlation
of oral anti-hypertensive medication. Coronary
between NC and continuous variables. Multiple
artery disease (CHD) was defined as that corolinear regression analysis was used to evaluate
nary artery stenosis lumen narrows up to 50%
the effect of increased NC on continuous variwhich was determined by coronary angiography
ables of cardiovascular risk factors. A P value <
or a history of acute myocardial infarction.
0.05 was considered statistically significant.
Dyslipidemia was defined as total cholesterol ≥
SPSS 13.0 statistical package was used for all
5.2 mmoL/L or triglycerides ≥ 1.7 mmol/L. Abstatistic analysis (SPSS Inc., Chicago, IL, USA).
normal glucose metabolism was defined as
Results
fasting plasma glucose ≥ 6.1 mmol/L, or a history of oral antidiabetic or insulin medication.
Baseline characteristics
Anthropometry
The study sample comprised 2074 particiIt was required that subjects dressed in light
pants over 65 years old 965 (46.5%) men
clothes and without shoes when measuring
and 1109 women, with a mean age of 72.75±
height and weight. It was required to measure 2
6.36 years for men and 73.61±7.0 years for
times after 10 minutes when subjects sit quiwomen. Demographic, lifestyle, anthropometetly and to record the average value during
ric and clinical characteristics of the study popmeasurement of blood pressure. The measureulation were presented in Table 1. Incidence of
ment of waist circumference (WC) was conducthistory of hypertension was higher in populaed at the lever midway between lower rib martions with coronary artery disease than nongin and crista iliac. When measuring NC, head
coronary artery disease. Among anthropomet-
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Table 3. The bivariate correlation of anthropological and cardiovascular risk factors
NC

Age
Height
Weight
BMI
WC
SBP
DBP
FPG
TC
TG
TBIL

Males
r
P
-0.084
0.009
0.236 < 0.001
0.734 < 0.001
0.695 < 0.001
0.735 < 0.001
0.144 < 0.001
0.140 < 0.001
0.195 < 0.001
0.028
0.382
0.248 < 0.001
0.067
0.037

Females
r
P
-0.004
0.890
0.161
< 0.001
0.711
< 0.001
0.700
< 0.001
0.721
< 0.001
0.214
< 0.001
0.118
< 0.001
0.194
< 0.001
-0.023
0.453
0.234
< 0.001
0.065
0.03

Notes: BMI: Body mass index; WC: Waist circumference;
NC: Neck circumference; BMI: Body mass index; SBP:
Systolic blood pressure; DBP: Diastolic blood pressure; FPG: Fasting plasma glucose; TG: Triglyceride; TC:
Total cholesterol; TBIL: Total bilirubin; HBP: High blood
pressure; DM: Diabetes mellitus. P values < 0.05 were
considered significant.

ric indicators, there was significant difference
of NC between two groups (Table 2).
Correlation of anthropometric indices and cardiovascular risk factors
Among these of anthropometric indices (NC,
WC, BMI, NHtR, NWtR), NC was the only one
that was positively associated with cardiovascular metabolic risk factors (TC, TG, FPG, TBIL,
systolic blood pressure, diastolic blood pressure). Anthropometric indices such as WC, NC
and NHtR were positively related with cardiovascular metabolic risk factors (TG, FPG, TC,
systolic blood pressure, diastolic blood pressure), while NWtR was inversely correlated with
these risk factors.BMI was positively correlated
with TG, FPG, systolic blood pressure and diastolic blood pressure. WC and NHtR were positively correlated with TBIL. NWtR was negatively correlated with TBIL. The gender-adjusted NC
was not significantly associated with TC. As
well after adjusting gender, there was no correlation between WC, NHtR, NWtR and TBIL in
the both. However, there was a correlation between BMI and FPG, TG, systolic blood pressure, diastolic blood pressure no matter in
male group or female group (Table 3).
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After adjusting age and gender, multiple linear
regression analysis showed that NC was positively correlated with systolic blood pressure
(b ± SE: 1.054±0.124, P < 0.0001), diastolic blood pressure (0.382±0.067, P < 0.0001),
FPG (0.120±0.013, P < 0.0001) and TG (0.078±
0.007, P < 0.0001), and there was no correlation only with TC. After adding smoking, drinking, physical exercise and lifestyle to model
1, the correlation between NC and each relevant index was unchanged (Table 4). Further
taking the gender subgroup analysis, multiple
linear regression analysis still showed that NC
wasn’t correlated with TC but positively correlated with systolic blood pressure, diastolic
blood pressure, TPG, and TG no matter in male
group or female group (data was not indicated
in the table).
Discussion
In this cross-sectional study of 2,072 cases
that came from China elderly population over
65 years old, we investigated the correlation
between NC and cardiovascular risk factors.
We found that NC was closely associated with
cardiovascular metabolic risk factors (diastolic
blood pressure, systolic blood pressure, triglycerides, total cholesterol and fasting plasma glucose) and correlated with total bilirubin no matter in male group and female group.
The effects of adipose tissue on cardiovascular
system were different with fat distribution in
the body (such as visceral fat, upper body subcutaneous fat and lower body subcutaneous
fat), and different fat distribution could independently affect cardiovascular disease [20,
21]. As an indicator of upper body obesity,
some recent studies showed that NC was a
simple valuable tool to screen overweight or
obesity [11, 12, 16, 18]. The degree of obesity
showed a trend of increase with the aging [22,
23]. We used anthropometric indices (NC, WC
and BMI) to explore the relationship between
NC and cardiovascular metabolic risk factors in
the elderly. The results showed that NC was
correlated with diastolic blood pressure, systolic blood pressure, triglycerides, total cholesterol and fasting plasma glucose (P < 0.0001).
After adjusting age, gender, smoking, drinking,
physical exercise and lifestyle, multiple linear
regression analysis showed that NC was positively correlated with FPG, TG, systolic blood
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The study has been shown that
free fatty acid released by upper
body subcutaneous fat is the
Dependent
Anthropometry index
Adjusted
Mean ± SE
P
major source of abnormal free
variable
independent factor
R2
fatty acid metabolism, and the
SBP (mmHg)
NC
0.83±0.10 < 0.001 0.046
percentage of free fatty acids
WC
1.05±0.12 < 0.001 0.045
released by upper body subcutaBMI
0.30±0.04 < 0.001 0.046
neous fat into the blood is highDBP (mmHg)
NC
0.38±0.07 < 0.001 0.050
er than that by visceral fat, espeWC
0.11±0.02 < 0.001 0.051
cially in obese individuals [30, 31].
BMI
0.34±0.05 < 0.001 0.054
Upper body subcutaneous fat has
FPG (mmol/L)
NC
0.12±0.01 < 0.001 0.036
a more important role on cardioWC
0.04±0.01 < 0.001 0.039
vascular system and metabolism
[32]. The excessive release of
BMI
0.09±0.01 < 0.001 0.033
free fatty acid related to upper
TC (mmol/L)
NC
0.00±0.01 0.921
0.074
body subcutaneous fat may be a
WC
0.01±0.01 0.380
0.074
mechanism that can explain the
BMI
0.01±0.01 0.236
0.074
correlation between NC and carTG (mmol/L)
NC
0.08±0.01 < 0.001 0.076
diovascular risk factors. Obesity
WC
0.02±0.01 < 0.001 0.072
and the elevated systemic free
BMI
0.06±0.01 < 0.001 0.065
fatty acids are related to insulin
TBIL (μmol/L)
NC
0.02±0.01 0.039
0.061
resistance, the elevated very low
WC
0.12±0.04 0.002
0.063
density lipoprotein production, oxiBMI
0.06±0.03 0.06
0.060
dative stress, vascular injury and
Notes: After adjusted for age, gender, smoking, drinking and activity time. WC:
hypertension [33-35]. The proposWaist circumference; NC: Neck circumference; BMI: Body mass index; SBP:
ed mechanism includes the furSystolic blood pressure; DBP: Diastolic blood pressure; FPG: Fasting plasma
ther abnormality of adipose tissue
glucose; TG: Triglyceride; TC: Total cholesterol; TBIL: Total bilirubin.
caused by the excessive release
of harmful cytokines accompanypressure and diastolic blood pressure (P <
ing inflammatory cells and the decreased re0.05). In 2010, Preis et al. found in 3307 cases
lease of adipocytokines with protective effect.
that after correcting the impact of visceral fat
Our study investigated the correlation between
and BMI, NC was still associated with multiNC and cardiovascular risk factors in a larple cardiovascular risk factors [12], suggesting
ge-scale, well-defined queue. After adjusting
that NC was a new indicator of cardiovascular
traditional factors, the results indicated that
risk factors and correlated with multi-kinds of
there was a correlation between NC and sysrisk factors for cardiovascular disease [12, 14,
tolic blood pressure, diastolic blood pressure,
24]. As the only endogenous fat soluble antioxiFPG, TG and TBIL, confirming that NC was cordant in the body, bilirubin has a powerful antirelated with serum total bilirubin in the elderly.
oxidant and anti-inflammatory effect [25], studBut there are still limitations in our research.
ies have shown that there is a correlation beFirstly, this study is a cross-sectional survey
tween serum bilirubin concentration and Frathat can’t clear the causal relationship. Semingham risk score of cardiovascular disease
condly, since the samples in this study come
[26]; serum bilirubin level is negatively correfrom the China elderly population, the findings
lated with metabolic syndrome, diabetes, hycan’t be deduced directly to other race or age
pertension etc. [27]. Our study found that NC
groups. Furthermore, the derivation of single
was correlated with serum total bilirubin in the
measurement data based on NC also has little
elderly. Our findings are consistent with the
effect on the accuracy of this study.
recent research findings, NC is correlated with
cardiovascular disease [12, 13, 28, 29]. NC
In conclusion, this study shows that NC may
can independently lead to cardiovascular mebe an effective and powerful tool that can be
tabolic risk [12].
used to identify cardiovascular risk factors in
the China elderly population. Of course, it still
Mechanisms about the relationship between
NC and cardiovascular risk are not yet clear.
needs cohort study to further explore the relaTable 4. Multiple linear regression analysis using each cardiovascular risk factor as the dependent variable
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tionship between NC and cardiovascular risk
factors.
Acknowledgements
This study was supported by Scientific Research Fund of Shanghai Science Committee (No.
15401931300 and 14411972000), Scientific
Research Fund of Shanghai Health development planning commission (No. 201540207)
and Cross Research Fund of Shanghai Jiaotong University (No. YG2013MS23).

[8]

[9]

Disclosure of conflict of interest
None.
Address correspondence to: Danhong Wu, Department of Neurology, The Third People’s Hospital,
Affiliated with Shanghai Jiaotong University School
of Medicine, Mohe Road 280, Baoshan District,
Shanghai 201900, China. Tel: +86-021-566911016252; Fax: +86-021-56691127; E-mail: wudanhongdoc@163.com

[10]

[11]

[12]

References
[1]
[2]

[3]

[4]

[5]

[6]

[7]

George MD and Baker JF. The Obesity epidemic and consequences for rheumatoid arthritis
care. Curr Rheumatol Rep 2016; 18: 6.
Endocrinology Branch of Chinese Medical
Association Obesity Study Group. Consensus
of prevention and control expert for obesity in
China adult. Chin J Endocrinol Metab 2011;
27.
Flegal KM, Carroll MD, Ogden CL and Curtin
LR. Prevalence and trends in obesity among
US adults, 1999-2008. JAMA 2010; 303: 235241.
Flegal KM, Carroll MD, Kit BK and Ogden CL.
Prevalence of obesity and trends in the distribution of body mass index among US adults,
1999-2010. JAMA 2012; 307: 491-497.
Krzesinski P, Stanczyk A, Piotrowicz K, Gielerak
G, Uzieblo-Zyczkowska B and Skrobowski A.
Abdominal obesity and hypertension: a double
burden to the heart. Hypertens Res 2016;
39:349-55.
Sjostrom CD, Hakangard AC, Lissner L and
Sjostrom L. Body compartment and subcutaneous adipose tissue distribution--risk factor
patterns in obese subjects. Obes Res 1995; 3:
9-22.
Rosito GA, Massaro JM, Hoffmann U, Ruberg
FL, Mahabadi AA, Vasan RS, O’Donnell CJ and
Fox CS. Pericardial fat, visceral abdominal fat,
cardiovascular disease risk factors, and vascular calcification in a community-based sample:

3690

[13]

[14]

[15]

[16]

[17]

[18]

the Framingham heart study. Circulation 2008;
117: 605-613.
Nicklas BJ, Penninx BW, Cesari M, Kritchevsky
SB, Newman AB, Kanaya AM, Pahor M, Jingzhong D, Harris TB; Health, Aging and Body
Composition Study. Association of visceral adipose tissue with incident myocardial infarction in older men and women: the health, aging and body composition study. Am J Epidemiol 2004; 160: 741-749.
Kuk JL, Katzmarzyk PT, Nichaman MZ, Church
TS, Blair SN and Ross R. Visceral fat is an independent predictor of all-cause mortality
in men. Obesity (Silver Spring) 2006; 14: 336341.
Li HX, Zhang F, Zhao D, Xin Z, Guo SQ, Wang
SM, Zhang JJ, Wang J, Li Y, Yang GR and Yang
JK. Neck circumference as a measure of neck
fat and abdominal visceral fat in Chinese
adults. BMC Public Health 2014; 14: 311.
Ben-Noun L, Sohar E and Laor A. Neck circumference as a simple screening measure for
identifying overweight and obese patients.
Obes Res 2001; 9: 470-477.
Preis SR, Massaro JM, Hoffmann U, D’Agostino
RB Sr, Levy D, Robins SJ, Meigs JB, Vasan RS,
O’Donnell CJ and Fox CS. Neck circumference
as a novel measure of cardiometabolic risk:
the Framingham heart study. J Clin Endocrinol
Metab 2010; 95: 3701-3710.
Yang L, Samarasinghe YP, Kane P, Amiel SA
and Aylwin SJ. Visceral adiposity is closely correlated with neck circumference and represents a significant indicator of insulin resistance in WHO grade III obesity. Clin Endocrinol
(Oxf) 2010; 73: 197-200.
Ben-Noun LL and Laor A. Relationship between
changes in neck circumference and cardiovascular risk factors. Exp Clin Cardiol 2006; 11:
14-20.
Onat A, Hergenc G, Yuksel H, Can G, Ayhan E,
Kaya Z and Dursunoglu D. Neck circumference
as a measure of central obesity: associations
with metabolic syndrome and obstructive
sleep apnea syndrome beyond waist circumference. Clin Nutr 2009; 28: 46-51.
Hatipoglu N, Mazicioglu MM, Kurtoglu S and
Kendirci M. Neck circumference: an additional
tool of screening overweight and obesity in
childhood. Eur J Pediatr 2010; 169: 733-739.
Androutsos O, Grammatikaki E, Moschonis
G, Roma-Giannikou E, Chrousos GP, Manios Y
and Kanaka-Gantenbein C. Neck circumference: a useful screening tool of cardiovascular
risk in children. Pediatr Obes 2012; 7: 187195.
Stabe C, Vasques AC, Lima MM, Tambascia
MA, Pareja JC, Yamanaka A and Geloneze B.
Neck circumference as a simple tool for identi-

Int J Clin Exp Med 2017;10(2):3685-3691

Neck circumference in screening cardiovascular risk factors

[19]

[20]
[21]

[22]
[23]

[24]

[25]

[26]

[27]

fying the metabolic syndrome and insulin resistance: results from the Brazilian metabolic
syndrome study. Clin Endocrinol (Oxf) 2013;
78: 874-881.
Yang GR, Yuan SY, Fu HJ, Wan G, Zhu LX, Bu XL,
Zhang JD, Du XP, Li YL, Ji Y, Gu XN, Li Y; Beijing
Community Diabetes Study Group. Neck circumference positively related with central obesity, overweight, and metabolic syndrome in
Chinese subjects with type 2 diabetes: Beijing
community diabetes study 4. Diabetes Care
2010; 33: 2465-2467.
Jensen MD. Role of body fat distribution and
the metabolic complications of obesity. J Clin
Endocrinol Metab 2008; 93 Suppl 1: S57-63.
Adolphe JL, Silver TI, Childs H, Drew MD and
Weber LP. Short-term obesity results in detrimental metabolic and cardiovascular changes
that may not be reversed with weight loss in an
obese dog model. Br J Nutr 2014; 112: 647656.
Vernochet C and Kahn CR. Mitochondria, obesity and aging. Aging (Albany NY) 2012; 4: 859860.
Alexander CM, Landsman PB and Grundy SM.
The influence of age and body mass index on
the metabolic syndrome and its components.
Diabetes Obes Metab 2008; 10: 246-250.
Tibana RA, Teixeira TG, Farias DL, Silva Ade O,
Madrid B, Vieira A, Franz CB, Balsamo S, Souza
Junior TP and Prestes J. Relation of neck circumference and relative muscle strength and
cardiovascular risk factors in sedentary women. Einstein (Sao Paulo) 2012; 10: 329-334.
Hink HU, Santanam N, Dikalov S, McCann L,
Nguyen AD, Parthasarathy S, Harrison DG and
Fukai T. Peroxidase properties of extracellular superoxide dismutase: role of uric acid in
modulating in vivo activity. Arterioscler Thromb
Vasc Biol 2002; 22: 1402-1408.
Kim KM, Kim BT, Park SB, Cho DY, Je SH and
Kim KN. Serum total bilirubin concentration
is inversely correlated with Framingham risk
score in Koreans. Arch Med Res 2012; 43:
288-293.
Choi SH, Yun KE and Choi HJ. Relationships between serum total bilirubin levels and metabolic syndrome in Korean adults. Nutr Metab
Cardiovasc Dis 2013; 23: 31-37.

3691

[28] Hoebel S, Malan L and de Ridder JH. Determining cut-off values for neck circumference as a measure of the metabolic syndrome
amongst a South African cohort: the SABPA
study. Endocrine 2012; 42: 335-342.
[29] Vallianou NG, Evangelopoulos AA, Bountziouka
V, Vogiatzakis ED, Bonou MS, Barbetseas J,
Avgerinos PC and Panagiotakos DB. Neck circumference is correlated with triglycerides and
inversely related with HDL cholesterol beyond
BMI and waist circumference. Diabetes Metab
Res Rev 2013; 29: 90-97.
[30] Jensen MD. Gender differences in regional
fatty acid metabolism before and after meal
ingestion. J Clin Invest 1995; 96: 2297-2303.
[31] Guo Z, Hensrud DD, Johnson CM and Jensen
MD. Regional postprandial fatty acid metabolism in different obesity phenotypes. Diabetes
1999; 48: 1586-1592.
[32] Thamer C, Machann J, Staiger H, Mussig K,
Schwenzer N, Ludescher B, Machicao F,
Claussen C, Fritsche A, Schick F, Stefan N and
Haring HU. Interscapular fat is strongly associated with insulin resistance. J Clin Endocrinol
Metab 2010; 95: 4736-4742.
[33] Griffin ME, Marcucci MJ, Cline GW, Bell K,
Barucci N, Lee D, Goodyear LJ, Kraegen EW,
White MF and Shulman GI. Free fatty acidinduced insulin resistance is associated with
activation of protein kinase C theta and alterations in the insulin signaling cascade. Diabetes
1999; 48: 1270-1274.
[34] Boden G and Shulman GI. Free fatty acids in
obesity and type 2 diabetes: defining their role
in the development of insulin resistance and
beta-cell dysfunction. Eur J Clin Invest 2002;
32 Suppl 3: 14-23.
[35] Keaney JF Jr, Larson MG, Vasan RS, Wilson
PW, Lipinska I, Corey D, Massaro JM, Sutherland P, Vita JA, Benjamin EJ; Framingham
Study. Obesity and systemic oxidative stress:
clinical correlates of oxidative stress in the
Framingham Study. Arterioscler Thromb Vasc
Biol 2003; 23: 434-439.

Int J Clin Exp Med 2017;10(2):3685-3691

