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Abstract

Objective of this study is to evaluate the association of neck circumference and wrist
circumference with traditional abdominal and general obesity measurement parameters, insulin
resistance, insulin resistance-related factors such as blood lipids, fasting glucose, insulin
concentration and adiponectin, in order to predict their values as obesity measurement
parameters. Eighty six female and 20 male subjects between 18-75 years of age were included in
the study. Body weight, height, waist, hip, neck and wrist circumferences were measured. Body
mass index and waist-to-hip ratio were calculated. Laboratory parameters such as fasting blood
glucose, total cholesterol, triglyceride, high density lipoprotein cholesterol, insulin and
adiponectin were measured after 12 hours of overnight fasting. Low density lipoprotein
cholesterol and the insulin resistance index (HOMA-IR) were calculated. Neck circumference
showed positive correlation with age, weight, body mass index, waist and hip circumferences,
waist to hip ratio, wrist circumference, insulin, HOMA-IR and negative correlation with
adiponectin and high density lipoprotein cholesterol in females and positive correlation with
weight, body mass index, waist and hip circumferences, waist to hip ratio and negative correlation
with adiponectin in males. Wrist circumference showed positive correlation with weight, body
mass index, neck, waist and hip circumferences, waist to hip ratio, insulin, HOMA-IR and
negative correlation with adiponectin, high density lipoprotein cholesterol in females. No
correlation was found in male subjects. Neck circumference can be a reliable obesity and insulin
resistance parameter in both genders. Wrist circumference requires further investigation for the
classification of its’ possible position in obesity evaluation.
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Introduction

Obesity is a growing public health problem worldwide defined as the state of excess adipose tissue
mass. In clinical practice, obesity is commonly assessed by calculating body mass index (BMI)
which is equal to weight in kilograms divided by height in meters squared. There are other
methods of assessing obesity other than BMI such as measurement of weight, abdominal sagittal
diameter, waist and hip circumferences (WaC, HC) and calculation of waist-to-hip ratio (WHR)
[1]. It may not always be practical to perform these measurements, especially in everyday primary
care practice. The first step for achieving obesity control is to develop a reliable, simple, cheap
and quick method for the assessment of obesity in primary care clinics [2]. Neck circumference
(NC) and wrist circumference (WrC) are recently defined non-traditional parameters of body fat
distribution. It’s known that, NC lower than 34 cm in females and 37 c¢cm in males indicates
healthy body weight. Some studies demonstrated that NC is an index of upper body fat
distribution that can be used to identify obese patients [3-7]. In some studies, NC is also found to
be related to cardiovascular risk factors in severely obese men and women [5]. WrC is another
anthropometric parameter which can be used to calculate body frame which is calculated by height
in cms divided by WrC in cms. Normal range of body frame for males is 38-43, and for females is
35-41 [8]. There are very few studies concerning WrC conducted on hyperlipidemic and/or
hypertensive patients [9], but there is not enough data in the literature evaluting the eligibility of

WIrC as an obesity parameter.

Adipose tissue secretes a number of cytokines, one of them being adiponectin. Reduced secretion
of adiponectin is found to be related with increased insulin resistance, obesity, diabetes, and
atherosclerosis [10].

The aim of our present study is to evaluate the association of NC and WrC with traditional
abdominal and general obesity measurement parameters, insulin resistance, insulin resistance-
related factors such as blood lipids, fasting glucose, insulin concentration and adiponectin, in order

to predict their values as obesity measurement parameters.
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Materials and methods

1. Study design

This was a prospective cross-sectional study carried out in Uludag University Medical Faculty
outpatient clinics of Endocrinology and Metabolism and General Medicine between March and
July 2009.

Consecutive subjects between 18-75 years of age, having no known diagnosis of a disease and/or
usage of medication causing insulin resistance were chosen. For female subjects, the condition of
being non-pregnant should be fulfilled to be enrolled in the study. A total of 136 subjects were
screened and 106 subjects were found to be eligible to enter the study. Among them 86 were
females, 20 were males. Informed consent was obtained from all participants, and the study was
performed in accordance with the Declaration of Helsinki and with the approval of the local ethics

committee.
2. Measurements

Body weight and height were measured in the fasting state in the morning and BMI was computed
[1]. WaC was measured midway between the lower rib margin and the superior iliac spine at the
end of gentle expiration and HC was measured at the maximal circumference in the gluteal area in
standing position [11]. The WHR was calculated by the division of WaC to HC as an index of
central obesity [12]. NC was measured at the level of the upper margin of the thyroid cartilage in
subjects standing in upright position [11]. WrC was measured from both right and left wrists at the

bony prominences of the radial and ulnar styloids [13] and an average was taken.

Baseline laboratory parameters were measured after 12 hours of overnight fasting. Fasting blood
glucose (FBG), total cholesterol (T-chol), triglyceride (TG), high density lipoprotein cholesterol
(HDL-chol) were determined using colorimetric and enzymatic methods on an Architect c16000
analyzer (Abbott, Illinois, USA). Low density lipoprotein cholesterol (LDL chol) was calculated
by Freidewald Formula since all TG levels measured were below 400 mg/dL [14]. Insulin levels
were measured using a Cobas e411 analyzer (Roche Diagnostics, Mannheim, Germany). Serum
adiponectin levels were measured using a commercial radioimmunoassay kit (Millipore
Corporation, Billerica, MA, USA) according to manufacturers’ instruction. The intra- and

interassay coefficients of variation (CV) were 6.2 % and 8.2 %, respectively.
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The insulin resistance (IR) index was estimated from fasting serum insulin and glucose levels

Medicine Science 2014;3(1):1013-25

using the homeostasis model assessment (HOMA)-IR index {formula: [(fasting glucose (mg/dL)
/18) x fasting insulin (ulU m/L)] /22.5} [15]. In healthy subjects, mean HOMA-IR levels are
below 2.7 [16].

3. Statistics

All statistical analysis was done with statistical package programme SPSS 16.0 software (SPSS
Inc., Chicago, IL,USA). Normality of variables was tested with Shapiro-Wilk test. According to
the distribution of the variables mean + standard deviation or median with minimum-maximum
values were given as descriptive statistics. In two independent group comparisons, Mann Whitney
U test or independent sample t test was used. Correlations among the variables were evaluated by

Pearson correlation analysis. Level of significance was determined as 0.05.
Results

A total of 86 female subjects and 20 male subjects entered the study. The mean age of all subjects
was 41.2 £ 12 years, the mean BMI was 28.2 + 7.6 kg/m2 with a mean WaC of 91.8 + 14.8 cm,
HC of 108 £ 11.1 cm, WHR of 0.85 + 0.09, NC of 35.2 + 3.8 cm, average WrC of 17 + 2.1 cm.
The demographic features of female and male subjects and their comparisons among genders are
seen in Table 1. There were statistically significant differences among female and male genders
concerning height, weight, NC, WaC, WHR and WrC.

Table 1. The demographic features of female and male subjects and their comparisons among
genders.

Demographic Features Female (n: 86) Male (n: 20) p value
Age (years) 41.2+12.1 41.6+11.7 NS
Height (cm) 160 (144-175) 170 (164-183) <0.001
Weight (kg) 68.2 (42-198) 80 (61-112) 0.012
BMI (kg/m°) 27.6 (17.9-82.6) 25.9 (20.6-39.6) NS

NC (cm) 343+3.5 38.9+2.8 <0.001
WaC (cm) 90.5 (64-124) 97.5 (76-123) 0.026
HC (cm) 106.5 (84-136) 104.5 (93-126) NS
WHR 0.83 £ 0.08 0.92 £ 0.09 <0.001
Avarage WrC (cm) 16.4 (13-22) 18 (14.6-27) <0.001

BMI: body mass index, NC: neck circumference, WaC: waist circumference, HC: hip circumference, WHR: waist-
to-hip ratio, WrC: wrist circumference, NS: non-significant
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The mean FBG of all subjects was 89.1 + 10.3 mg/dL, insulin 9.45 + 8.01 pulU/mL, HOMA-IR
2.09 + 1.7, adiponectin 8.59 £+ 6.4 ng/mL, T-chol 195 + 39 mg/dL, LDL-chol 120 + 31 mg/dL,
HDL-chol 48 + 13 mg/dL, TG 128 + 70 mg/dL, respectively. There was a statistically significant
difference among genders for FBG and HDL-chol values but not for insulin, HOMA-IR,
adiponectin, T-chol, LDL-chol and TG values (Table 2).

Table 2. The biochemical parameters of female and male subjects and their comparisons among
genders.

Biochemical Parameters Female (n: 86) Male (n: 20) p values
FBG (mg/dL) 88 (64-124) 83 (67-103) 0.016
Insulin (uIU/mL) 7.85 (2-36.4) 7.68 (2-62.5) NS
HOMA-IR 1.74 (0.36-11.14) 1.70 (0,39-10.34) NS
Adiponectin (ng/mL) 7.68 (1.04-38.2) 5.80 (1.12-36.51) NS
T-chol (mg/dL) 192 (121-311) 201 (116-307) NS
LDL-chol (mg/dL) 119 (57.2-200) 132 (51.2-231.8) NS
HDL-chol (mg/dL) 48 (27-109) 42 (26-55) 0.014
TG (mg/dL) 107 (36-365) 131 (54-387) NS

FBG: fasting blood glucose, HOMA-IR: homeostasis model assessment of insulin resistance, T-chol: total
cholesterol, LDL-chol: low density lipoprotein cholesterol, HDL-chol: high density lipoprotein cholesterol, TG:
triglyceride, NS: non-significant

When evaluated, NC showed statistically significant positive correlations with other obesity
measurement parameters as BMI (p<0.001, r= 0.601), WaC (p<0.001, r= 0.618), HC (p<0.001,
r= 0.646), WHR (p=0.001, r= 0.364), average of WrCs (p<0.001, r= 0.505) in female subjects.
The correlations of NC with demographic, glucose, lipid, insulin resistance parameters and
adiponectin in female subjects are seen in Table 3. NC correlates positively with age, weight,
insulin, HOMA-IR and negatively with adiponectin and HDL-chol in females (Table 3).

WrC also showed statistically significant positive correlations with other obesity measurement
parameters as BMI (p<0.001, r= 0.371), NC (p<0.001, r= 0.505), WaC (p<0.001, r= 0.405), HC
(p<0.001, r=0.423), WHR (p=0.024, r= 0.243) in female subjects. The correlations of WrC with
demographic, glucose, lipid, insulin resistance parameters and adiponectin in female subjects are
seen in Table 3. WrC correlates positively with weight, insulin, HOMA-IR and negatively with
adiponectin and HDL-chol in females (Table 3).
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Table 3. The correlations of anthropometric measurements with demographic, glucose, lipid,
insulin resistance parameters and adiponectin in female subjects.

NC WrC BMI WaC HC WHR
Age p=0.024 NS p=0.018 p=<0.001 |p=<0.001 | p=<0.001
r=0.243 - r=0.255 r=0.521 r=0.368 r=0.495
Weight p=<0.001 p=<0.001 | p=<0.001 p=<0.001 | p=<0.001 | p=<0.001
r=0.596 r=0.389 r=0.950 r=0.663 r=0.688 r=0.383
FBG NS NS NS p=0.009 NS p=0.002
- - - r=0.279 - r=0.327
Insulin p=0.016 p=0.027 NS p=0.027 NS NS
r=0.260 r=0.239 - r=0.239 - -
HOMA-IR p=0.016 p=0.022 NS p=0.016 NS p=0.022
r=0.260 r=0.247 - r=0.259 - r=0.247
Adiponectin p=0.039 p=0.014 NS NS NS NS
r=-0.223 r=-0.263 - - - -
T-chol NS NS NS NS NS NS
LDL-chol NS NS NS NS NS NS
HDL-chol p=0.019 p=0.03 NS p=0.01 p=0.043 p=0.027
r=-0.252 r=-0.234 - r=0.275 r=0.219 r=0.238
TG NS NS NS NS NS NS

BMI: body mass index, NC: neck circumference, WaC: waist circumference, HC: hip circumference, WHR: waist-
to-hip ratio, WrC: wrist circumference, HOMA-IR: homeostasis model assessment of insulin resistance, FBG: fasting
blood glucose, T-chol: total cholesterol, LDL-chol: low density lipoprotein cholesterol, HDL-chol: high density
lipoprotein cholesterol, TG: triglyceride, NS: non-significant

In male subjects NC showed statistically significant positive correlations with other obesity
measurement parameters except average WrC as BMI (p=0.002, r= 0.652), WaC (p<0.001,
r= 0.720), HC (p=0.011, r= 0.554), WHR (p=0.023, r= 0.504). The correlations of NC with
demographic, glucose, lipid, insulin resistance parameters and adiponectin in male subjects are

seen in Table 4. NC correlates positively with weight only in males (Table 4).

WrC showed no correlation with other obesity measurement, demographic, glucose, lipid, insulin

resistance parameters and adiponectin in male subjects as seen in Table 4.
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Table 4. The correlations of anthropometric measurements with demographic, glucose, lipid,
insulin resistance parameters and adiponectin in male subjects.

NC WrC BMI WaC HC WHR
Age NS NS NS NS NS p=0.021
- - - - - r=0.512
Weight p=0.003 NS p=<0.001 p=<0.001 | p=<0.001 | p=0.035
r=0.636 - r=0.939 r=0.841 r=0.795 r=0.473
FBG NS NS NS NS NS NS
Insulin NS NS NS NS NS NS
HOMA-IR NS NS NS NS NS NS
Adiponectin NS NS NS NS NS NS
T-chol NS NS NS NS NS NS
LDL-chol NS NS NS NS NS NS
HDL-chol NS NS NS NS NS NS
TG NS NS NS NS NS p=0.008
- - - - - r=0.579

BMI: body mass index, NC: neck circumference, WaC: waist circumference, HC: hip circumference, WHR: waist-
to-hip ratio, WrC: wrist circumference, HOMA-IR: homeostasis model assessment of insulin resistance, FBG: fasting
blood glucose, T-chol: total cholesterol, LDL-chol: low density lipoprotein cholesterol, HDL-chol: high density
lipoprotein cholesterol, TG: triglyceride, NS: non-significant

As an indicator of insulin resistance, HOMA-IR values showed statistically significant positive
correlation with weight (p=0.035, r= 0.228), NC (p=0.016, r= 0.259), WaC (p=0.016, r= 0.259),
WHR (p=0.022, r= 0.247), WrC (p=0.022, r= 0.247), FBG (p<0.001, r= 0.473), insulin (p<0.001,
r=0.972), TG (p<0.001, r=0.385), and negative correlation with adiponectin (p=0.003, r=-0.312),
and HDL-chol (p=0.013, r= -0.267) in female subjects, and positive correlation with weight
(p=0.025, r=10.500) and insulin (p< 0.001, r=0.991) in male subjects.

Adiponectin values showed statistically significant positive correlation with HDL- chol (p= 0.011,
r= 0.272), and negative correlations with NC (p=0.039, r= -0.223), WrC (p=0.014, r= -0.263),
insulin (p=0.002, r= -0.332), HOMA-IR (p=0.003, r= -0.312), T-chol (p=0.015, r=-0.261), LDL-
chol (p=0.006, r=-0.297), and TG (p<0.001, r=-0.374) in female subjects and positive correlation
with LDL-chol (p=0.008, r= 0.590) and negative correlation with NC (p=0.049, r=-0.435) in male
subjects. Adiponectin showed negative correlation with NC in both genders.
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Discussion

Our study indicated an important relationship between NC and other anthropometric
measurements of obesity and adiponectin in both genders, and WrC and other anthropometric
measurements of obesity and adiponectin in only female gender.

Some recent studies indicated that NC is an index of upper body fat distribution that can be used
to identify overweight and obese patients [3-7]. In the last decade, a few studies have suggested
that NC surpasses other antropometric measurements as a powerful marker of both visceral
adipose tissue and IR [11, 17-19]. It’s reported that, NC lower than 34 ¢cm in females and 37 cm in
males indicates healthy body weight. In a study conducted, NC >37 cm for men and >34 cm for
women identified subjects with BMI >25.0 kg/m? with 98-99% sensitivity and 89-92% specificity
for men and 99-100% sensitivity and 98-100% specificity for women, NC >39.5 cm for men and
>36.5 cm for women identified subjects with BMI >30 kg/m? with 93-96% sensitivity and 90-95%
specificity for men and 93-97% sensitivity and 98-99% specificity for women [2]. In our study,
average of the NCs for female subjects was 34.3 + 3.5 and for male subjects it was 38.9 + 2.8
(p<0.001). The medians of the BMI for females and males were 27 (18-82.7) and 25.7 (21-39),
respectively. The same study also indicated that NC was associated with age, weight, WaC, HC,
WHR and BMI for men and women, but not with HDL-chol [2]. In another study, a negative
correlation between NC and HDL-chol was reported in severely obese adults [6]. A different study
indicated correlations with NC and T-chol and LDL-chol levels in both men and women, and with
triglyceride levels in men [20]. In our study, NC was positively correlated with age, weight, BMI,
WaC, HC, WHR, average of WrCs, insulin, HOMA-IR, and negatively correlated with
adiponectin, HDL-chol in females; and was positively correlated with weight, BMI, WaC, HC,
WHR, and negatively correlated with adiponectin in male subjects. Our study showed compliance

with the findings of other studies in the literature.

There are few studies about WrC in the literature. In a study, it was reported that when compared
to normolipidemic hypertensive subjects, persons with familial dyslipidemia and hypertension had
significantly increased WrC [21]. In another cross-sectional and 8.8 year follow up study
including 6393 subjects (3677 females, 2716 males) without prevelant diabetes, WrC was found to

be a significant predictor of diabetes and metabolic syndrome. In this study, the predictabilty of
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WrC was found to be independent of BMI and WaC -that were the indicators of general and

central obesity, respectively- in female subjects [22]. In a study conducted in 1709 (1323 females,
386 males) subjects who were the first degree relatives of diabetic patients, WrC was found to be
positively associated with WaC, BMI, LDL-chol and negatively with HDL-chol [23]. In another
study evaluating 477 overweight/obese children and adolescents with a mean age of 10.3 years, a
positive relation was detected between WrC and insulin and HOMA-IR [24]. All of these new
findings attracted attention to WrC as a possible risk factor for developing diabetes, metabolic
syndrome and cardiovascular diseases. We found statistically significant positive correlations
between WrC and weight, BMI, NC, WaC, HC, WHR, insulin, HOMA-IR, and negative
corelations with adiponectin and HDL-chol only in female subjects. No correlation between WrC
and the study parameters was found in male subjects in our study. The insufficient number of the
male subjects might be the reason for this discordance. According to our study results, WrC

seemed to be a useful obesity measurement parameter only for female subjects.

Significant positive association between IR and BMI was demonstrated in a study conducted with
women from an obesity clinic [25]. Our study indicates positive correlations between HOMA-IR
and weight, NC, WaC, WHR, average of WrCs, FBG, insulin, TG, but negative correlations
between HOMA-IR and adiponectin, as well as HDL-chol in female subjects. Within the male
subjects, we found positive correlations between HOMA-IR, and weight and insulin. In both
genders, we didn’t find any correlations between HOMA-IR and BMI and HC which are
traditional obesity parameters. Instead, in our female subjects, HOMA-IR levels correlated with
NC and WrC which are recently proposed parameters to estimate obesity and IR. In our opinion,

both NC and WrC deserve serious attention as obesity measurement parameters in this aspect.

Many different studies in the literature demonstrated that serum adiponectin levels inversely
correlated with IR both in nonobese and obese subjects [26-30]. We observed a similar negative
correlation between adiponectin and HOMA-IR levels in our female participants. In our group
there were 3 female subjects with a BMI> 40 kg/m2 with demonstrative results. Their weight,
height, BMI, HOMA-IR and adiponectin levels were as follows respectively: 1st subject 94 kg,
150 cm, 41.7 kg/m2, 1.8, 12.9 pg/ml; second subject 104 kg, 155 cm, 43.2 kg/m2, 4.7, 2.3 ug/ml
and 3rd subject 198.5 kg, 155 cm, 82.6 kg/m2, 2.9, 1.2 ug/ml. Although all three were seriously
obese, the first subject without insulin resistance had the highest adiponectin level among them.

On the other hand, we observed no correlation between adiponectin and HOMA-IR levels in male
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participants. The situation in males could possibly be explained by the limited number of male

subjects in our study. In a conducted study, the plasma levels of adiponectin correlated negatively
with BMI, WaC, HC, WHR, fasting plasma insulin and TG, but positively correlated with HDL-
chol levels [31]. In another study conducted, adiponectin was negatively correlated with measures
of obesity, fasting insulin, HOMA-IR and TG and positively correlated with HDL-chol [25]. In
our study, we found that the plasma adiponectin levels correlated negatively with NC, WrC,
insulin, HOMA-IR, T-chol, LDL-chol, TG and positively with HDL-chol in female subjects. In
males, there was a negative correlation between adiponectin and NC and positive correlation with
LDL-chol. Actually, we would also expect to find negative correlations between adiponectin and
traditional obesity parameters like weight, WaC, HC, WHR, BMI similar to other studies which
was not the case. This fact might indicate that NC and WrC could be much more sensitive

anthropometric parameters reflecting serum adiponectin levels.

Lower plasma levels of adiponectin relative to the normal controls were documented in subjects
with obesity, type 2 diabetes, or coronary heart disease (CHD) in several studies [32-34].
Previously, it was reported that plasma adiponectin levels were higher in women than in men [33].
In view of the potential cardiovascular protective effects of adiponectin [32, 35-38], higher plasma
adiponectin levels in women might in part explain the protective effects in female gender against
CHD. Our findings were consistent with the reports in the literature on adiponectin. We found
adiponectin levels of the female subjects to be higher than males that did not reach statistical

significance (p= 0.06).

As a conclusion, according to the results of our study, NC can be a reliable obesity and IR
parameter in both genders with its’ easier usage in daily clinical practice. WrC still requires
further investigations for the classification of its’ definite position in obesity evaluation with
growing new data on its possible role predicting metabolic and cardiovascular diseases. Besides,
negative correlation between NC and adiponectin in both genders, and WrC and adiponectin in
females pointed out the fact that NC and WrC might give an idea about adiponectin level which is

the best known adipocytokine of insulin sensitivity.

www.medicinescience.org | Med-Science lir¥]



Medicine Science 2014;3(1):1013-25 Neck and Wrist Circumferences
in Qualifying Obesity and Insulin Resistance

Original Investigation doi: 10.5455/medscience.2013.02.8100
References
1. Kushner RF. Evaluation and management of obesity. In: Fauci, Braunwald, Kasper,

Hauser, Longo, Jameson, Loscalzo, eds, Harrison’s Principles of Internal Medicine. 17th
ed. New York: McGraw-Hill, 2008; 468-73.

Ben-Noun L, Sohar E, Laor A. Neck Circumference as a Simple Screening Measure for
Identifying Overweight and Obese Patients. Obes Res. 2001;9:470-7.

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;33:2465-7.

Kissebach AH, Vydelingum N, Murray R, Evans DJ, Hartz AJ. Relation of body fat
distribution to metabolic complications of obesity. J Clin Endocrinol Metab. 1982;54:254—
60.

Sjostrom CD, Hékangérd AC, Lissner L, Sjostrom L. Body compartment and subcutaneous
adipose tissue distribution-risk factor patterns in obese subjects. Obes Res. 1995;3:9-22.

Sjostrom CD, Lissner L, Sjostrom L. Relationships between changes in body composition
and changes in cardiovascular risk factors: The SOS Intervention Study. Swedish Obese
Subjects. Obes Res. 1997;5:519-30.

7. Jensen MD. Lipolysis: contribution from regional fat. Annu Rev Nutr. 1997; 17: 127-39.

10.

11.

12.

13.

14.

Mitchell MC. Comparison of determinants of frame size in older adults. J Am Diet Assoc.
1993;93:53-7.

Hunt SC, Wu LL, Hopkins PN, Stults BM, Kuida H, Ramirez ME, Lalouel JM, Williams
RR. Apolipoprotein, low density lipoprotein subfraction, and insulin associations with
familial combined hyperlipidemia. Study of Utah patients with familial dyslipidemic
hypertension. Arteriosclerosis. 1989;9:335-44.

Cui J, Panse S, Falkner B. The role of adiponectin in metabolic and vascular disease: a
review. Clin Nephrol. 2011;75:26-33.

Dixon J B, O’Brien PE. Neck circumference a good predictor of raised insulin and free
androgen index in obese premenopausal women: changes with weight loss. Clin
Endocrinol. 2002;57:769-78.

Fink B, Manning JT, Neave N. The 2nd—4th digit ratio (2D:4D) and neck circumference:
implications for risk factors in coronary heart disease. Int J Obes (Lond). 2006;30:711-4.

Bedford RF. Wrist circumference predicts the risk of radial-arterial occlusion after
cannulation. Anesthesiology. 1978;48:377-8.

Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-density
lipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge. Clin

Chem. 1972;18:499-502.
www.medicinescience.org | Med-Science


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mitchell%20MC%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'J%20Am%20Diet%20Assoc.');

Medicine Science 2014;3(1):1013-25 Neck and Wrist Circumferences

in Qualifying Obesity and Insulin Resistance

Original Investigation doi: 10.5455/medscience.2013.02.8100

15.

16.
17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Arya R, Blangero J, Williams K, Almasy L, Dyer TD, Leach RJ, O'Connell P, Stern MP,
Duggirala R. Factors of insulin resistance syndrome--related phenotypes are linked to
genetic locations on chromosomes 6 and 7 in nondiabetic Mexican-Americans. Diabetes.
2002;51:841-7.

Lebovitz HE. Clinician’s manuel of insulin resistance, Science Press, London, UK, 2002.

Laakso M, Matilainen V, Keinidnen-Kiukaanniemi S. Association of neck circumference
with insulin resistance-related factors. Int J Obes Relat Metab Disord. 2002;26:873-5.

Yang L, Samarasinghe YP, Kane P, Amiel SA. Aylwin SJB. Visceral adiposity is closely
correlated with neck circumference and represents a significant indicator of insulin
resistance in WHO grade 111 obesity. Clin Endocrinol. 2010;73:197-200.

Onat A, Hergen¢ G, Yiiksel H, Can G, Ayhan E, Kaya Z, Dursunoglu D. Neck
circumference as a measure of central obesity: Associations with metabolic syndrome and
obstructive sleep apnea syndrome beyond waist circumference. Clinical Nutrition.
2009;28:46-51.

Ben-Noun L, Laor A. Relationship between changes in neck circumference and
cardiovascular risk factors. Exp Clin Cardiol. 2006;11:14-20.

Williams RR, Hunt SC, Wu LL, Hopkins PN, Hasstedt SJ, Schumacher MC, Stults BM,
Kuida H. Concordant dyslipidemia, hypertension and early coronary disease in Utah
families. Klin Wochenschr. 1990; Suppl 20:56-9.

Jahangiri Noudeh Y, Hadaegh F, Vatankhah N, Momenan AA, Saadat N, Khalili D, Azizi
F. Wrist circumference as a novel predictor of diabetes and prediabetes: results of cross-
sectional and 8.8-year follow-up studies. J Clin Endocrinol Metab. 2013;98:777-84.

Amini A, Soltanian N, Iraj B, Askari G, Ebneyamin S, Ghias M, Hajian H, Zahed A,
Amini M. Association of wrist circumference with cardio metabolic risk factors. J Pak
Med Assoc. 2012;62(3 Suppl 2):S34-6.

Capizzi M, Leto G, Petrone A, Zampetti S, Papa RE, Osimani M, Spoletini M, Lenzi A,
Osborn J, Mastantuono M, Vania A, Buzzetti R. Wrist circumference is a clinical marker
of insulin resistance in overweight and obese children and adolescents. Circulation.
2011;123:1757-62.

Lee CY, Lee CH, Tsai S, Huang CT, Wu MT, Tai SY, Lin FF, Chao NC, Chang CJ.
Association between serum leptin and adiponectin levels with risk of insulin resistance and
impaired glucose tolerance in non-diabetic women. Kaohsiung J Med Sci. 2009;25: 16-25.

Weyer C, Funahashi T, Tanaka S, Hotta K, Matsuzawa Y, Pratley RE, Tataranni PA.
Hypoadiponectinemia in obesity and type 2 diabetes: Close association with insulin
resistance and hyperinsulinemia. J Clin Endocrinol Metab. 2001;86:1930-5.

Yamamoto Y, Hirose H, Saito I, Tomita M, Taniyama M, Matsubara K, Okazaki Y, Ishii
T, Nishikai K, Saruta T. Correlation of the adipocyte-derived protein adiponectin with
insulin resistance index and serum high-density lipoprotein-cholesterol, independent of
body mass index, in the Japanese population, Clin Sci (Lond). 2002;103:137-42.

Hung J, McQuillan BM, Thompson PL, Beilby JP. Circulating adiponectin levels associate
with inflammatory markers, insulin resistance and metabolic syndrome independent of
obesity. Int J Obes. (Lond) 2008; 32: 772-9.

www.medicinescience.org | Med-Science gz


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Laakso%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matilainen%20V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kein%C3%A4nen-Kiukaanniemi%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kein%C3%A4nen-Kiukaanniemi%20S%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Int%20J%20Obes%20Relat%20Metab%20Disord.');

Medicine Science 2014;3(1):1013-25 Neck and Wrist Circumferences

in Qualifying Obesity and Insulin Resistance

Original Investigation doi: 10.5455/medscience.2013.02.8100

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Tschritter O, Fritsche A, Thamer C, Haap M, Shirkavand F, Rahe S, Staiger H, Maerker E,
Haring H, Stumvoll M. Plasma adiponectin concentrations predict insulin sensitivity of
both glucose and lipid metabolism. Diabetes. 2003;52:239-43.

Steppan CM, Bailey ST, Bhat S, Brown EJ, Banerjee RR, Wright CM, Patel HR, Ahima
RS, Lazar MA. The hormone resistin links obesity to diabetes. Nature. 2001;409:307—
12.BI

Yang WS, Lee WJ, Funahashi T, Tanaka S, Matsuzawa Y, Chao CL, Chen CL, Tai TY,
Chuang LM. Plasma adiponectin levels in overweight and obese Asians. Obes Res.
2002;10: 1104-10.

Ouchi N, Kihara S, Arita Y, Maeda K, Kuriyama H, Okamoto Y, Hotta K, Nishida M,
Takahashi M, Nakamura T, Yamashita S, Funahashi T, Matsuzawa Y. Novel modulator
for endothelial adhesion molecules: adipocyte-derived plasma protein adiponectin.
Circulation. 1999;100:2473-6.

Arita Y, Kihara S, Ouchi N, Takahashi M, Maeda K, Miyagawa J, Hotta K, Shimomura I,
Nakamura T, Miyaoka K, Kuriyama H, Nishida M, Yamashita S, Okubo K, Matsubara K,
Muraguchi M, Ohmoto Y, Funahashi T, Matsuzawa Y. Paradoxical decrease of an
adipose-specific protein, adiponectin, in obesity. Biochem Biophys Res Commun.
1999;257:79-83.

Hotta K, Funahashi T, Arita Y, Takahashi M, Matsuda M, Okamoto Y, Iwahashi H,
Kuriyama H, Ouchi N, Maeda K, Nishida M, Kihara S, Sakai N, Nakajima T, Hasegawa
K, Muraguchi M, Ohmoto Y, Nakamura T, Yamashita S, Hanafusa T, Matsuzawa Y.
Plasma concentrations of a novel, adipose-specific protein, adiponectin, in type 2 diabetic
patients. Arterioscler Thromb Vasc Biol. 2000;20:1595-9.

Ouchi N, Kihara S, Arita Y, Okamoto Y, Maeda K, Kuriyama H, Hotta K, Nishida M,
Takahashi M, Muraguchi M, Ohmoto Y, Nakamura T, Yamashita S, Funahashi T,
Matsuzawa Y. Adiponectin, an adipocyte-derived plasma protein, inhibits endothelial NF-
kappaB signaling through a cAMP-dependent pathway. Circulation. 2000;102:1296-301.

Ouchi N, Kihara S, Arita Y, Nishida M, Matsuyama A, Okamoto Y, Ishigami M,
Kuriyama H, Kishida K, Nishizawa H, Hotta K, Muraguchi M, Ohmoto Y, Yamashita S,
Funahashi T, Matsuzawa Y. Adipocyte-derived plasma protein, adiponectin, suppresses
lipid accumulation and class A scavenger receptor expression in human monocyte-derived
macrophages. Circulation. 2001;103:1057-63.

Arita Y, Kihara S, Ouchi N, Maeda K, Kuriyama H, Okamoto Y, Kumada M, Hotta K,
Nishida M, Takahashi M, Nakamura T, Shimomura |, Muraguchi M, Ohmoto Y,
Funahashi T, Matsuzawa Y. Adipocyte-derived plasma protein adiponectin acts as a
platelet-derived growth factor-BB-binding protein and regulates growth factor-induced
common postreceptor signal in vascular smooth muscle cell. Circulation. 2002;105:2893—
8.

Kubota N, Terauchi Y, Yamauchi T, Kubota T, Moroi M, Matsui J, Eto K, Yamashita T,
Kamon J, Satoh H, Yano W, Froguel P, Nagai R, Kimura S, Kadowaki T, Noda T.
Disruption of adiponectin causes insulin resistance and neointimal formation. J Biol Chem.

2002;277:25863-6.
www.medicinescience.org | Med-Science



