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Abstract

MENKE, ANDY, PAUL MUNTNER, RACHEL P.
WILDMAN, KRISTI REYNOLDS, AND JIANG HE.
Measures of adiposity and cardiovascular disease risk
factors. Obesity. 2007;15:785-795.

Objective: To determine which of five measures of adipos-
ity maintains the strongest association with cardiovascular
disease risk factors.

Research Methods and Procedures: A nationally represen-
tative sample of 12,608 adult participants of the third Na-
tional Health and Nutrition Examination Survey were ex-
amined. Waist circumference, total body fat, percent body
fat, BMI, and skinfold thickness were measured following a
standardized protocol.

Results: In multivariable adjusted models including waist
circumference and BMI as independent variables, waist
circumference was a significantly better predictor. The odds
ratios (95% confidence intervals) for each standard devia-
tion higher waist circumference and BMI for men were as
follows: 1.88 (1.43, 2.48) and 0.99 (0.76, 1.29), respec-
tively, for hypertension; 1.51 (0.87, 2.59) and 1.23 (0.76,
1.99), respectively, for diabetes; and 1.85 (1.48, 2.32) and
1.00 (0.80, 1.24), respectively, for low high-density lipopro-
tein-cholesterol. The analogous odds ratios (95% confi-
dence intervals) for women were as follows: 2.28 (1.74,
3.00) and 0.91 (0.69, 1.19), respectively, for hypertension;
2.72 (1.85, 4.00) and 0.82 (0.55, 1.23), respectively, for
diabetes; and 1.90 (1.47, 2.47) and 1.07 (0.83, 1.38), re-
spectively, for low high-density lipoprotein-cholesterol. Re-
sults were markedly similar for waist circumference in
models adjusting for total body fat, percent body fat, and
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skinfold thickness separately. In contrast, waist circumfer-
ence was not a significantly better predictor of elevated
C-reactive protein than the other measures of adiposity.
Discussion: Waist circumference maintains a stronger as-
sociation with cardiovascular disease risk factors than other
measures of adiposity.

Key words: abdominal fat, adiposity, anthropometry,
bioelectrical impedance analysis, National Health and
Nutrition Examination Survey

Introduction

Higher adiposity has been shown in several previous
studies to be associated with an increased risk of cardiovas-
cular disease and stroke morbidity and mortality (1-3). BMI
is a frequently used measure of adiposity in both clinical
and research settings. However, waist circumference has
been used as a measure of abdominal adiposity in research
settings and has shown stronger associations with cardio-
vascular disease risk factors than BMI (4-7). Skinfold
thickness is also used as a measure of adiposity, but studies
comparing its predictive ability to other measures of adi-
posity have produced inconsistent findings (8—12). An ad-
ditional measure of adiposity is bioelectrical impedance
analysis (BIA)," which can be used to estimate an individ-
ual’s total body fat (TBF) and percentage body fat (%BF).
However, whether TBF and %BF maintain stronger associ-
ations with cardiovascular disease risk factors compared
with simpler measures, such as BMI or waist circumference,
remains unknown (13-16).

The purpose of this analysis was to assess which of five
measures of adiposity (waist circumference, BMI, TBF,
%BF, or skinfold thickness) maintains the strongest associ-
ation with cardiovascular disease risk factors. To do so, we
analyzed the association of these measures with hyperten-
sion, diabetes, elevated C-reactive protein (CRP), and low

! Nonstandard abbreviations: BIA, bioelectrical impedance analysis; TBF, total body fat;
%BF, percentage body fat; CRP, C-reactive protein; HDL, high-density lipoprotein;
NHANES 111, the third National Health and Nutrition Examination Survey; HOMA-IR,
homeostasis model analysis insulin resistance; LDL, low-density lipoprotein; Val res,
Valhalla resistance value; RJL res, RJL resistance value; FFM, fat free mass; OR, odds ratio.
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high-density lipoprotein (HDL)-cholesterol in a nationally
representative sample of adults in the United States using
data from the third National Health and Nutrition Exami-
nation Survey (NHANES III). Additionally, we assessed the
association of each measure of adiposity with elevated
homeostasis model analysis insulin resistance (HOMA-IR),
elevated triglycerides, and high low-density lipoprotein
(LDL)-cholesterol in the subgroup of NHANES III partic-
ipants who fasted 9 or more hours before their study visit.

Research Methods and Procedures

Study Population

NHANES III was a cross-sectional survey of the civilian,
non-institutionalized, U.S. population conducted from 1988
to 1994 (17). After excluding 288 women who were preg-
nant and 3677 participants with missing data, the final
sample for the current set of analyses included 12,608
NHANES III participants =20 years of age. Among the
subgroup of participants who were assigned to a morning
examination and fasted 9 or more hours before their study
visit, 5550 had complete data and were included in the
subgroup analyses.

Data Collection

The NHANES III data were collected during an in-home
interview and a subsequent visit to a mobile examination
center (17). During the in-home interview, demographic
information including age, race, and sex was collected using
a standardized questionnaire. Additional data collected dur-
ing the in-home interview that are relevant to this analysis
included anti-hypertensive, anti-diabetes, and cholesterol-
lowering medication use, cigarette smoking, alcohol con-
sumption, and physical activity.

Adiposity Measures

Five measures of adiposity were analyzed, including
waist circumference, BMI, TBF, %BF, and skinfold thick-
ness. Waist circumference was measured at the iliac crest to
the nearest 0.1 cm. Height was measured with a stadiometer.
Weight was measured with an electronic digital scale while
the participant was wearing foam slippers and paper shirt
and pants. Height and weight measurements, used to calcu-
late BMI (weight in kilograms divided by height in meters
squared), were obtained to the nearest 0.1 cm and 0.01 kg,
respectively.

A Valhalla Scientific Body Composition Analyzer
(model 1990B; Valhalla Scientific, Inc., San Diego, CA)
was used to measure whole body electrical resistance (Val
res). Prediction equations were used to convert whole body
electrical resistance at 50 kHz to TBF and %BF. Because
the available prediction equations are based on data from an
RIJL bioelectrical impedance analyzer (RJL Systems, Inc.,
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Clinton Twp., MI), Val res first had to be converted to RJL
resistance values (RJL res) using the following equations
(18):

RIL res (ohms) = [2.5 + 0.98 X Val res (ochms)] for men (1)
RJL res (ohms) = [9.6 + 0.96 X Val res (ohms)] for women
(2)
Next, fat-free mass (FFM) was calculated as:
FFM (kg) = {—10.678 + 0.262 X weight (kg)
+ [0.652 X height® (cm)/RJL res (ohms)]
+ 0.015 RJL res (ohms)} for men (3)
FFM (kg) = {—9.529 + 0.168 X weight (kg) + [0.696
X height? (cm)/RIL res (ohms)] + 0.016 RIL res (ohms)}
for women (4)

TBF and %BF were calculated using the following equa-
tions:

TBF (kg) = weight (kg) — FFM (kg) (5)
% BF = TBF (kg)/weight (kg) (6)

Skinfold thickness was measured to the nearest 0.1 mm
using skinfold calipers. Thigh, triceps, subscapular, and
suprailiac skinfold measurements were taken twice on the
right side of the participant’s body and averaged. Skinfold
thicknesses larger than the caliper could measure were
considered 1 mm bigger than the largest respective mea-
sured value (n = 1014 for thigh; n = 173 for triceps; n =
253 for subscapular; n = 341 for suprailiac). The four
skinfold thickness measurements were summed to create a
total skinfold value that was used for this analysis.

Cardiovascular Risk Factor Measures

Four cardiovascular disease risk factors were analyzed as
primary outcomes (hypertension, diabetes, elevated CRP,
and low HDL-cholesterol), with three additional outcomes
(elevated HOMA-IR, elevated triglycerides, and high LDL-
cholesterol) analyzed in the subgroup of NHANES III par-
ticipants who attended the morning examination session and
fasted for 9 or more hours.

As previously described, blood pressure was measured
six times following a protocol adapted from the American
Heart Association (17). Based on an average of all six blood
pressure measurements, hypertension was defined as sys-
tolic blood pressure =140 mm Hg and/or diastolic blood
pressure =90 mm Hg and/or current use of blood pressure—
lowering medication.

During the visit to the mobile examination center, a blood
specimen was drawn from the participant’s antecubital vein
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by a trained phlebotomist according to a standardized pro-
tocol (17). Plasma glucose was measured using an enzy-
matic reaction. Diabetes was defined as plasma glucose
=200 mg/dL for participants who did not fast for 9 or more
hours (=126 mg/dL for participants who fasted =9 hours)
and/or a self-reported history of diabetes with concurrent
use of anti-diabetes medication.

Serum CRP was quantified using latex-enhanced nephe-
lometry (17). Elevated CRP was defined as serum CRP
=1.0 mg/dL. HDL-cholesterol was measured after the pre-
cipitation of the other lipoprotein/divalent cation mixture,
and low HDL-cholesterol was defined as <40 mg/dL for
men and <50 mg/dL for women. Serum triglycerides were
measured enzymatically, and elevated triglycerides was de-
fined as =150 mg/dL. LDL-cholesterol values were calcu-
lated for participants with triglycerides <400 mg/dL using
the Freidewald equation (19). High LDL-cholesterol was
defined as =130 mg/dL. Insulin radioimmunoassay was
used to measure serum insulin (17). HOMA-IR was calcu-
lated using the equation (20):

HOMA-IR = insulin (mU/liter) X glucose (mM)/22.5 (7)

Participants with HOMA-IR =3.0 were considered to
have elevated HOMA-IR.

Statistical Methods

Because of a consistently significant sex interaction with
all outcomes and the different degree of adiposity among
men and women, all analyses were performed stratified by
sex. Correlation coefficients were calculated for waist cir-
cumference, BMI, TBF, %BF, and skinfold thickness. Next,
in accordance with Adult Treatment Panel III guidelines,
participants with a waist circumference >102 cm for men
and >88 cm for women were defined as having abdominal
obesity (21). Participants with a BMI =30 kg/m* were
defined as being obese. Participants in the highest quartile
of TBF (=24.0 kg for men and =30.4 kg for women), %BF
(=27.6% for men and =40.1% for women), and skinfold
thickness (=83.7 mm for men and =120.3 mm for women)
were defined as having high TBF, high %BF, and high
skinfold thickness, respectively. The age-adjusted preva-
lence of hypertension, diabetes, elevated CRP, and low
HDL-cholesterol were calculated for persons with and with-
out abdominal obesity, obesity, high TBF, high %BF, and
high skinfold thickness.

Next, waist circumference, BMI, TBF, %BF, and skin-
fold thickness were divided into sex-specific population
quartiles. The odds ratios (ORs) of hypertension, diabetes,
elevated CRP and low HDL-cholesterol associated with
quartiles of each measure of adiposity were determined after
multivariable adjustment using logistic regression, with the
lowest quartile serving as the reference category. All odds
ratios were adjusted for age, race-ethnicity, high school
education, alcohol consumption, physical inactivity, current

and former smoking, and two measures of adiposity simul-
taneously (e.g., waist circumference and TBF) as indepen-
dent variables. Logistic regression models with quartile of
adiposity measures included as continuous variables were
used to assess linear trends in the adjusted OR of each
outcome. Subsequent models additionally included quartile
of adiposity squared to assess curvilinear trends in the
adjusted OR of each outcome. Next, the multivariable ad-
justed ORs of hypertension, diabetes, elevated CRP, and
low HDL-cholesterol associated with a 1 standard deviation
higher waist circumference, BMI, TBF, %BF, and skinfold
thickness were determined using logistic regression models.
The statistical significance of the difference between waist
circumference and the other measure of adiposity in each
model was calculated.

Subgroup analyses that included the 5550 participants
who attended the morning examination session and fasted at
least 9 hours were conducted to determine the multivariable
adjusted ORs of elevated HOMA-IR, elevated serum trig-
lycerides, and high LDL-cholesterol associated with a 1
standard deviation higher waist circumference, BMI, TBF,
%BF, and skinfold thickness. All analyses were repeated
after stratification by race-ethnicity with markedly similar
results in each race-ethnicity group (data not shown).

All data were analyzed using SUDAAN (version 9.0;
Research Triangle Institute, Research Triangle Park, NC),
accounting for the complex NHANES sampling design. All
analyses incorporated sampling weights and units of sam-
pling (i.e., strata and primary sampling units) that adjusted
for unequal probabilities of selection, oversampling, and
non-response.

Results

The sex-specific correlation coefficients between each
measure of adiposity are presented in Table 1. Among both
men and women, the measures of adiposity maintained high
correlations with each other (all p < 0.001).

The age-adjusted prevalence of hypertension, diabetes,
and low HDL-cholesterol was higher for men with abdom-
inal obesity, obesity, high TBF, high %BF, and high skin-
fold thickness compared with men without these conditions
(Table 2, top panel). The age-adjusted prevalence of ele-
vated CRP was only higher among men with high %BF and
high skinfold thickness. The age-adjusted prevalence of
each cardiovascular disease risk factor was higher among
women with abdominal obesity, obesity, high TBF, high
%BF, and high skinfold thickness compared with women
without these conditions (Table 2, bottom panel).

Higher quartiles of waist circumference were associated
with higher ORs of hypertension, diabetes, and low HDL-
cholesterol after adjustment for each measure of adiposity
separately (Table 3; each p < 0.001). As noted in Table 3,
several of these trends were curvilinear. After adjustment
for other adiposity measures, larger waist circumference
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Table 1. Correlation coefficients* between measures of adiposity among NHANES III participants

Skinfold thickness % BF TBF BMI Waist circumference

Men (n = 6197)

Waist circumference 0.779 0.688 0.866 0.894 1.000

BMI 0.798 0.645 0.869 1.000

TBF 0.800 0.883 1.000

%BF 0.662 1.000

Skinfold thickness 1.000
Women (n = 6411)

Waist circumference 0.785 0.805 0.883 0.885 1.000

BMI 0.856 0.835 0.951 1.000

TBF 0.864 0.905 1.000

%BF 0.827 1.000

Skinfold thickness 1.000

NHANES III, the Third National Health and Nutrition Examination Survey; %BF, percentage body fat; TBF, total body fat.

*p < 0.001 between all measures of adiposity.

was not associated with elevated CRP among men (except
in the model that adjusted for BMI; p = 0.037). Higher
levels of BMI, TBF, %BF, and skinfold thickness were not
associated with an increased OR of hypertension, diabetes,
elevated CRP, or low HDL-cholesterol after adjustment for
waist circumference [except for the associations of %BF
with hypertension and elevated CRP (each p <0.05) and
BMI with low HDL-cholesterol (p = 0.005)].

Among women, higher quartiles of waist circumference
were associated with higher multivariable adjusted ORs of
hypertension, diabetes, elevated CRP, and low HDL-cho-
lesterol (Table 4; each p < 0.01). Each higher quartile of
waist circumference was associated with a progressively
higher OR of each outcome, with some of these trends being
curvilinear. After adjustment for waist circumference,
higher quartiles of BMI, TBF, %BF, and skinfold thickness
were associated with increased multivariable adjusted ORs
of elevated CRP (each p <0 .05); they were not associated
with increased ORs of hypertension, diabetes, or low HDL-
cholesterol. A trend of lower odds of diabetes at higher TBF
and %BF was present after adjustment for waist circumfer-
ence.

Table 5 shows results of multivariable adjusted models
including waist circumference and one alternative measure
of adiposity as standardized continuous variables. Among
men and women, waist circumference maintained a signif-
icantly stronger association with hypertension, diabetes, and
low HDL-cholesterol than BMI, TBF, %BF, and skinfold
thickness (except for diabetes when adjusted for BMI
among men). In contrast, waist circumference was not a
statistically significantly better predictor of elevated CRP
than BMI, TBF, %BF, or skinfold thickness.
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The OR of hypertension associated with waist circumfer-
ence was higher at lower age categories, and waist circum-
ference was not a significantly better predictor of hyperten-
sion than the other measures of adiposity in the 75-year and
older age group (data not shown; all p values for interaction
<0.001). Among women, the OR of diabetes associated
with waist circumference was higher for non-Hispanic
whites than for non-Hispanic blacks or Mexican Americans.
However, in all race-ethnicity groups, waist circumference
maintained a significantly stronger association with diabetes
than BMI, TBF, %BF, and skinfold thickness.

Among men and women, in multivariable adjusted mod-
els including two standardized measures of adiposity simul-
taneously, waist circumference maintained a significantly
stronger association with elevated HOMA-IR and elevated
triglycerides than BMI, TBF, %BF, and skinfold thickness
(Table 6). In contrast, waist circumference was not a better
predictor of high LDL-cholesterol than BMI, %BF, or skin-
fold thickness. Although these associations were observed
in all subgroups studied, the ORs of elevated HOMA-IR
were consistently higher for non-Hispanic whites than for
non-Hispanic blacks or Mexican Americans (data not
shown; all p values for interaction <0.05).

Discussion
The purpose of this analysis was to study which measure
of adiposity (waist circumference, BMI, TBF, %BF, or
skinfold thickness) maintains the strongest association with
cardiovascular disease risk factors in a nationally represen-
tative sample of U.S. adults. In our analyses, waist circum-
ference was consistently a better predictor of hypertension,
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Table 2. Age-adjusted* prevalence (standard error) of hypertension, diabetes, elevated CRP, and low HDL-
cholesterol by abdominal obesity, obesity, high TBF, high %BF, and high skinfold thickness category among

NHANES III participants

Hypertensionf Diabetesi Elevated CRP$§ Low HDL-cholesterol]
Men (n = 6197)
Waist circumference =102 cm 21.6 (0.8) 3.7 (0.4) 4.4(0.4) 28.4 (1.3)
Waist circumference >102 cm 36.6 (2.2)%+ 10.8 (0.7)%% 5.9(0.9) 50.8 (3.0)%+
BMI <30 kg/m? 22.3(0.8) 4.6 (0.4) 4.7 (0.5) 31.0 (1.1)
BMI =30 kg/m? 40.7 (2.8)1% 12.9 (1.4)%+ 5.6 (1.0) 50.8 3.1)i%
TBF <24.0 kg 21.8 (0.7) 4.5 (0.5) 4.7 (0.5) 30.3 (1.1)
TBF =24.0 kg 35.6 (2.3)%+ 11.2 (1.3)%% 5.3(0.8) 46.0 (3.0)i%
%BF <27.6% 22.6 (0.7) 5.6 (0.5) 3.8 (0.5) 31.8(1.2)
%BF =27.6% 33.7 2.1)i% 8.1 (0.7 7.8 (0.9)%% 42.0 2.5)%%
Skinfold thickness <83.7 mm 23.5(0.8) 5.0 (0.4) 4.4(0.4) 31.2(1.2)
Skinfold thickness =83.7 mm 30.7 2.7 10.4 (1.1)%+ 6.3 (0.9)** 442 2.4)i%
Women (n = 6411)
Waist circumference =88 cm 16.5 (0.7) 1.6 (0.3) 4.5(0.5) 26.5 (1.8)
Waist circumference >88 cm 31.9 (1.0)% 7.4 (0.7)i% 15.6 (1.3)%% 51.9 (1.5)%
BMI <30 kg/m? 20.4 (0.7) 3.1(0.3) 5.6 (0.5) 31.2(1.4)
BMI =30 kg/m> 35.2 (1.6)%% 9.3 (0.9)f% 21.3 (1.4)%% 57.5 (1.6)%%
TBF <30.4 kg 19.8 (0.7) 3.1(0.3) 5.6 (0.5) 30.9 (1.5)
TBF =30.4 kg 34.7 (1.2)%% 8.6 (0.8)%k 19.0 (1.3)%% 54.7 (1.8)%%
%BF <40.1% 20.2 (0.7) 3.8(0.5) 5.7 (0.6) 31.9 (1.5)
%BF =40.1% 33.4 (1.4)%% 6.5 (0.7)%% 19.0 (1.2)%% 52.3 (2.0)%
Skinfold thickness <120.3 mm 20.4 (0.7) 3.4(0.3) 5.7 (0.5) 31.2 (1.5)
Skinfold thickness =120.3 mm 31.9 (1.4)%% 7.7 (0.8)%% 18.2 (1.3)%% 52.9 (1.8)%%

CRP, C-reactive protein; HDL, high-density lipoprotein; TBF, total body fat; %BF, percentage body fat; NHANES III, the Third National

Health and Nutrition Examination Survey;.
* Adjusted to the age distribution of the 2000 U.S. population.

T Systolic blood pressure =140 mm Hg and/or diastolic blood pressure =90 mm Hg and/or use of anti-hypertensive medication.
I Fasting glucose =126 mg/dL or non-fasting glucose =200 mg/dL and/or use of anti-diabetes medication.

§ Serum CRP =1.0 mg/dL.

9 HDL-cholesterol <40 mg/dL for men or <50 or mg/dL for women.

** p < 0.05; Tt p < 0.01; and $f p < 0.001 for a higher prevalence of the outcome among those with high compared with low category

of adiposity.

diabetes, low HDL-cholesterol, elevated HOMA-IR, and
elevated triglycerides among both men and women.

To our knowledge, this is the first study to compare waist
circumference with four other measures of adiposity, in-
cluding BMI, TBF, %BF, and skinfold thickness, as predic-
tors of cardiovascular disease risk factors in a nationally
representative sample of U.S. adults. Our results are con-
sistent with previous studies that report anthropometric
measures that take into account the distribution of adiposity,
specifically abdominal adiposity (i.e., waist circumference
or waist-to-hip ratio), and maintain a stronger association
with cardiovascular disease risk factors than BMI

(4-7,11,12). However, few studies have compared multiple
measures of adiposity (14,22). In a previous cross-sectional
study of 782 persons, waist circumference was found to be
a stronger predictor of total cholesterol and basal blood
glucose than BMI, waist-to-hip ratio, subscapular-to-tricip-
ital skinfold thickness, and %BF. While waist-to-hip ratio
was found to be a stronger predictor of HDL-cholesterol and
triglycerides, BMI was found to be a stronger predictor of
blood pressure, and %BF was found to be a stronger pre-
dictor of postprandial blood glucose (22). Additionally, in a
study of 1293 men, quartile of TBF remained associated
with HDL-cholesterol, HDL-total cholesterol ratio, triglyc-
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Table 3. Multivariable adjusted* odds ratios (95% confidence interval) of hypertension, diabetes, elevated CRP,
and low HDL-cholesterol associated with quartiles of two measures of adiposityT among men

p value for p value for

Quartile 1  Quartile 2 Quartile 3 Quartile 4 linear trend curvilinear trend
Hypertensioni
Waist circumference 1.00 1.96 (1.37,2.81) 3.30 (2.11, 5.17) 4.21 (2.38, 7.46) <0.001 0.022
BMI 1.00 0.88 (0.66, 1.18) 0.78 (0.52, 1.17) 1.24 (0.75, 2.03) 0.295
Waist circumference 1.00 1.83 (1.27, 2.66) 3.18 (2.15,4.72) 4.63 (3.08, 6.96) <0.001
TBF 1.00 1.12 (0.74, 1.70) 0.81 (0.55, 1.18) 1.17 (0.78, 1.77) 0.738
Waist circumference 1.00 1.64 (1.20, 2.25) 2.54 (1.83, 3.52) 3.78 (2.67, 5.37) <0.001
%BF 1.00 1.03 (0.75, 1.42) 1.40 (0.98, 1.99) 1.44 (0.99, 2.10) 0.041
Waist circumference 1.00 2.24 (1.44,3.46) 4.32(2.53,7.37) 7.53 (4.20, 13.5) <0.001
Skinfold 1.00 0.72 (0.46, 1.14) 0.57 (0.34, 0.93) 0.60 (0.35, 1.03) 0.087
Diabetes§
Waist circumference 1.00 1.18 (0.77, 1.80) 1.37 (0.66, 2.82) 3.62 (1.76, 7.43) <0.001 0.009
BMI 1.00 0.71 (0.39, 1.30) 0.94 (0.55, 1.60) 1.13 (0.56, 2.28) 0.357
Waist circumference 1.00 1.55 (0.96, 2.52) 2.24 (0.96, 5.25) 5.97 (2.52, 14.1) <0.001
TBF 1.00 0.43 (0.24, 0.77) 0.45 (0.20, 1.00) 0.67 (0.027, 1.66) 0.996
Waist circumference 1.00 1.21 (0.75, 1.95) 1.59 (0.84, 3.00) 5.32 (3.02,9.38) <0.001 0.001
%BF 1.00 0.60 (0.36, 0.99) 0.88 (0.48, 1.61) 0.61 (0.36, 1.05) 0.230
Waist circumference 1.00 1.00 (0.61, 1.65) 1.19 (0.62,2.27) 3.50 (2.01, 6.08) <0.001 0.003
Skinfold 1.00 1.23 (0.69, 2.20) 1.05 (0.60, 1.83) 1.39 (0.72, 2.66) 0.394
Elevated CRPq
Waist circumference 1.00 1.95 (1.01, 3.76) 2.09 (0.82, 5.34) 3.49 (1.19, 10.2) 0.037
BMI 1.00 0.93 (0.42, 2.05) 0.79 (0.36, 1.75) 0.68 (0.24, 1.93) 0.417
Waist circumference 1.00 1.44 (0.74, 2.81) 1.22(0.48, 3.12) 1.93 (0.67, 5.58) 0.304
TBF 1.00 1.35 (0.66, 2.73) 1.78 (0.86, 3.69) 1.25 (0.48, 3.24) 0.652
Waist circumference 1.00 1.60 (0.85, 3.03) 1.35 (0.66, 2.77) 1.55(0.72, 3.32) 0.480
%BF 1.00 1.13 (0.65, 1.98) 0.90 (0.53, 1.54) 2.12 (1.12, 4.00) 0.026 0.041
Waist circumference 1.00 1.69 (0.90, 3.16) 1.44 (0.64, 3.25) 1.80 (0.75, 4.30) 0.381
Skinfold 1.00 0.94 (0.59, 1.51) 1.14 (0.56, 2.35) 1.54 (0.69, 3.47) 0.226

Low HDL-cholesterol**
Waist circumference 1.00 1.40 (0.95, 2.05) 2.27 (1.59, 3.24) 3.27 (2.16, 4.94) <0.001

BMI 1.00 1.56 (1.15,2.10) 1.69 (1.14,2.50) 1.88 (1.27,2.76) 0.005
Waist circumference 1.00 1.62 (1.10, 2.37) 2.95 (2.01, 4.33) 4.96 (3.16, 7.79) <0.001
TBF 1.00 1.21 (0.91, 1.62) 1.27 (0.91, 1.78) 1.12 (0.77, 1.63) 0.618
Waist circumference 1.00 1.78 (1.22,2.60) 3.40 (2.40, 4.82) 5.81 (3.92, 8.60) <0.001
%BF 1.00 1.12 (0.79, 1.58) 1.10 (0.79, 1.54) 0.91 (0.68, 1.21) 0.366
Waist circumference 1.00 1.68 (1.16, 2.44) 3.10 (2.03,4.75) 5.16 (3.19, 8.33) <0.001
Skinfold 1.00 1.23 (0.86, 1.76) 1.21 (0.83, 1.77) 1.09 (0.70, 1.68) 0.953

CRP, C-reactive protein; HDL, high-density lipoprotein; TBF, total body fat; %BF, percentage body fat.

* Multivariable adjusted for age, race/ethnicity, a high school education, alcohol consumption, physical inactivity, current and former
smoking, and one other measure of adiposity.

+ Each model has two measures of adiposity (e.g., waist circumference and TBF) included in the model.

# Systolic blood pressure =140 mm Hg and/or diastolic blood pressure =90 mm Hg and/or use of anti-hypertensive medication.

§ Fasting glucose =126 mg/dL or non-fasting glucose =200 mg/dL and/or use of anti-diabetes medication.

q Serum CRP =1.0 mg/dL.

** HDL-cholesterol <40 mg/dL for men or <50 or mg/dL for women.

790 OBESITY Vol. 15 No. 3 March 2007



Waist Circumference and Risk Factors, Menke et al.

Table 4. Multivariable adjusted* odds ratios (95% confidence interval) of hypertension, diabetes, elevated CRP,
and low HDL-cholesterol associated with quartiles of two measures of adiposity{ among women

p value for p value for

Quartile 1  Quartile 2 Quartile 3 Quartile 4 linear trend curvilinear trend
Hypertensioni
Waist circumference 1.00 1.26 (0.86, 1.85) 2.39 (1.44,3.97) 4.41 (2.59, 7.54) <0.001
BMI 1.00 0.81 (0.60, 1.10) 0.99 (0.70, 1.40) 1.18 (0.77, 1.80) 0.209
Waist circumference 1.00 1.16 (0.79, 1.70) 2.34 (1.47, 3.73) 4.46 (2.50, 7.94) <0.001 0.039
TBF 1.00 1.14 (0.81, 1.60) 0.95 (0.61, 1.49) 1.29 (0.74, 2.25) 0.422
Waist circumference 1.00 1.04 (0.70, 1.55) 1.85(1.15,2.98) 3.68 (2.12, 6.39) <0.001 0.003
%BF 1.00 1.48 (1.01, 2.16) 1.50 (0.98, 2.28) 1.69 (0.99, 2.89) 0.099
Waist circumference 1.00 1.30 (0.90, 1.87) 2.87 (1.86, 4.42) 6.38 (4.14, 9.83) <0.001 0.035
Skinfold 1.00 0.91 (0.65, 1.27) 0.70 (0.48, 1.01) 0.78 (0.53, 1.15) 0.174
Diabetes§
Waist circumference 1.00 2.42 (0.56, 10.5) 4.67 (1.18, 18.5) 14.0 (3.57,54.7) <0.001
BMI 1.00 0.71 (0.30, 1.69) 0.59 (0.23, 1.52) 0.82 (0.32, 2.13) 0.620
Waist circumference 1.00 3.18 (0.71, 14.3) 10.0 (2.16,46.4) 42.4 (9.29,193.4) <0.001
TBF 1.00 0.39 (0.17, 0.86) 0.20 (0.09, 0.47) 0.24 (0.11, 0.55) 0.013
Waist circumference 1.00 2.69 (0.64, 11.4) 6.75 (1.50, 30.4) 34.4 (7.74,152.5) <0.001
%BF 1.00 0.64 (0.25, 1.59) 0.37 (0.15, 0.90) 0.24 (0.09, 0.64) <0.001
Waist circumference 1.00 2.42 (0.55, 10.8) 4.60 (1.06, 19.9) 16.7 (3.90, 71.7) <0.001
Skinfold 1.00 0.56 (0.29, 1.08) 0.63 (0.31, 1.28) 0.58 (0.27, 1.24) 0.326
Elevated CRPq
Waist circumference 1.00 1.29 (0.70, 2.38) 1.32 (0.68, 2.55) 2.82 (1.28, 6.18) 0.003 0.040
BMI 1.00 1.20 (0.75, 1.93) 1.25(0.73,2.13) 2.52 (1.31, 4.83) 0.001 0.010
Waist circumference 1.00 1.36 (0.78, 2.38) 1.44 (0.78, 2.66) 3.39 (1.66, 6.92) <0.001 0.041
TBF 1.00 1.02 (0.61, 1.68) 1.19 (0.75, 1.87) 1.95 (1.06, 3.57) 0.011
Waist circumference 1.00 1.30 (0.73, 2.33) 1.26 (0.69, 2.31) 3.07 (1.53, 6.17) <0.001 0.005
%BF 1.00 1.01 (0.62, 1.65) 1.41(0.89, 2.24) 2.30 (1.32, 4.03) <0.001
Waist circumference 1.00 1.35(0.71, 2.54) 1.39 (0.73, 2.63) 3.47 (1.72, 6.98) <0.001 0.010
Skinfold 1.00 0.96 (0.61, 1.49) 1.14 (0.67, 1.93) 1.95 (1.10, 3.46) 0.003 0.022

Low HDL-cholesterol**
Waist circumference 1.00 1.96 (1.45, 2.64) 3.35(2.36,4.76) 5.39 (3.57, 8.15) <0.001

BMI 1.00 0.83 (0.60, 1.16) 1.07 (0.72, 1.59) 1.18 (0.74, 1.90) 0.314
Waist circumference 1.00 1.92 (1.39, 2.66) 3.36 (2.30, 4.90) 5.45 (3.69, 8.05) <0.001
TBF 1.00 0.93 (0.71, 1.23) 1.04 (0.72, 1.49) 1.21 (0.81, 1.81) 0.321
Waist circumference 1.00 1.81 (1.33,2.46) 3.18 (2.22,4.56) 5.74 (3.97, 8.29) <0.001
%BF 1.00 1.07 (0.79, 1.43) 1.20 (0.85, 1.71) 1.15(0.77, 1.70) 0.443
Waist circumference 1.00 1.80 (1.36,2.37) 3.15(2.36,4.21) 5.44 (4.15,7.15) <0.001
Skinfold 1.00 1.09 (0.85, 1.39) 1.17 (0.87, 1.58) 1.26 (0.87, 1.82) 0.225

CRP, C-reactive protein; HDL, high-density lipoprotein; TBF, total body fat; %BF, percentage body fat.

* Multivariable adjusted for age, race/ethnicity, a high school education, alcohol consumption, physical inactivity, current and former
smoking, and one other measure of adiposity.

+ Each model has two measures of adiposity (e.g., waist circumference and TBF) included in the model.

# Systolic blood pressure =140 mm Hg and/or diastolic blood pressure =90 mm Hg and/or use of anti-hypertensive medication.

§ Fasting glucose =126 mg/dL or non-fasting glucose =200 mg/dL and/or use of anti-diabetes medication.

q Serum CRP =1.0 mg/dL.

** HDL-cholesterol <40 mg/dL for men or <50 or mg/dL for women.
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Table 5. Multivariable adjusted* logistic regression models with two measures of adiposity{ as standardized
continuous variables with units of 1 standard deviation associated with hypertension, diabetes, elevated CRP, and

low HDL-cholesterol

Hypertension::

Diabetes§

Elevated CRP{ Low HDL-cholesterol**

Men (n = 6197)

Waist circumference (12.6 cm)
BMI (4.4 kg/m?)

Waist circumference (12.6 cm)
TBF (7.8 kg)

Waist circumference (12.6 cm)
%BF (6.0%)

Waist circumference (12.6 cm)
Skinfold thickness (27.6 mm)

Women (n = 6411)

Waist circumference (14.6 cm)
BMI (6.0 kg/m?)

Waist circumference (14.6 cm)
TBF (10.9 kg)

Waist circumference (14.6 cm)
%BF (7.4%)

Waist circumference (14.6 cm)
Skinfold thickness (37.1 mm)

1.88 (1.43, 2.48)+
0.99 (0.76, 1.29)
1.82 (1.42, 2.35)%%
1.03 (0.80, 1.32)
1.73 (1.49, 2.00)F+
1.12 (0.95, 1.33)
2.22 (1.85,2.67)t%
0.82 (0.67, 1.01)

2.28 (1.74, 300)++
0.91 (0.69, 1.19)
2.30 (1.83, 2.90)F%
0.90 (0.72, 1.13)
2.12(1.77, 2.55)+
0.97 (0.84, 1.13)
2.45 (2.00, 3.00)+
0.81 (0.68, 0.96)

1.51 (0.87, 2.59)
1.23 (0.76, 1.99)
2.43 (1.61, 3.68)++
0.78 (0.56, 1.08)
2.08 (1.68, 2.57)F%
0.85 (0.69, 1.05)
2.20 (1.73, 2.79)+%
0.83 (0.66, 1.03)

2.72 (1.85, 4.00)++
0.82 (0.55, 1.23)
4.42 (291, 6.71)FF
0.49 (0.32, 0.76)
3.25 (2.38, 4.44)++
0.58 (0.41, 0.83)
2.50 (1.96, 3.20)++
0.86 (0.64, 1.15)

1.41 (0.83, 2.39)
0.98 (0.60, 1.62)
1.25(0.79, 1.98)
1.11 (0.75, 1.63)
1.11 (0.82, 1.51)
1.39 (1.04, 1.86)
1.19 (0.84, 1.67)
1.20 (0.88, 1.63)

1.62 (1.30, 2.02)
1.27 (1.05, 1.55)
1.56 (1.21, 2.02)
1.32 (1.07, 1.64)
1.54 (1.22, 1.95)
1.48 (1.12, 1.97)
1.60 (1.32, 1.94)
1.38 (1.11, 1.71)

1.85 (1.48, 2.32)+%
1.00 (0.80, 1.24)
2.39 (1.99, 2.87)++
0.76 (0.66, 0.89)
1.95 (1.66, 2.28)F+
0.93 (0.84, 1.04)
2.06 (1.70, 2.51)F%
0.88 (0.76, 1.03)

1.90 (1.47, 2.47)F%
1.07 (0.83, 1.38)
2.02 (1.60, 2.54)F%
1.01 (0.80, 1.26)
2.11 (1.80, 2.48)++
0.95 (0.81, 1.12)
1.93 (1.64, 2.26)F+
1.06 (0.88, 1.29)

CRP, C-reactive protein; HDL, high-density lipoprotein; TBF, total body fat; %BF, percentage body fat. Data are odds ratios (95%

confidence intervals).

* Multivariable adjusted for age, race/ethnicity, high school education, alcohol consumption, physical inactivity, and current and former

smoking.

T Each model had two measures of adiposity (e.g., waist circumference and TBF) included in the model.
I Systolic blood pressure =140 mm Hg and/or diastolic blood pressure =90 mm Hg and/or use of anti-hypertensive medication.
§ Fasting glucose =126 mg/dL or non-fasting glucose =200 mg/dL and/or use of anti-diabetes medication and self-reported doctor

diagnosis of diabetes.
9 Serum CRP =1.0 mg/dL.

*#* HDL-cholesterol <40 mg/dL for men or <50 or mg/dL for women and/or use of cholesterol-lowering medication.

+1 p < 0.001 for difference between two measures of adiposity.

erides, insulin, and blood pressure after adjustment for
waist-to-hip ratio (14). Meanwhile, waist-to-hip ratio was
not associated with any of the risk factors after adjustment
for TBF.

Because hydrostatic weighing is impractical to use in
large epidemiological studies, BIA is considered the most
valid and reliable method to assess TBF and %BF (23-25).
Despite being validated in a population composed primarily
of white participants with a limited number of black partic-
ipants, Sun et al. (26) described the prediction equations as
having overall excellent performance in whites and blacks.
However, other ethnic groups were not included in the
validation of these equations. BIA has been found to be a
reliable method for assessing TBF and %BF when a proto-
col is followed that controls for factors that may affect the
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measurement (25-28). Notable exceptions include the as-
sessment of individuals with medical conditions resulting in
major disturbances in water distribution, such as amputa-
tions, and individuals at extreme weight ranges. We re-
peated all analyses excluding NHANES participants with a
BMI =40 kg/m? (n = 282), and the results were remarkably
similar, indicating our findings are robust and not influ-
enced by differential BIA measurements among very obese
individuals (data not shown).

In this study, the OR of diabetes associated with higher
TBF and %BF was decreased after adjustment for waist
circumference among women. Given the direct association
of TBF and %BF with diabetes observed in Table 2 and the
extremely large OR of diabetes associated with waist cir-
cumference, this finding may be the result of overcompen-
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Table 6. Multivariable adjusted* logistic regression models with two standardized measures of adiposityf as
standardized continuous variables with units of 1 standard deviation associated with elevated HOMA-IR, elevated

triglycerides, and high LDL-cholesterol

HOMA-IR =3.0

Triglycerides =150 High LDL-cholesterol:

Men (n = 2690)

Waist circumference (12.6 cm)
BMI (4.4 kg/m?)

Waist circumference (12.6 cm)
TBF (7.8 kg)

Waist circumference (12.6 cm)
%BF (6.0%)

Waist circumference (12.6 cm)
Skinfold thickness (27.6 mm)

Women (n = 2860)

Waist circumference (14.6 cm)
BMI (6.0 kg/m?)

Waist circumference (14.6 cm)
TBF (10.9 kg)

Waist circumference (14.6 cm)
%BF (7.4%)

Waist circumference (14.6 cm)
Skinfold thickness (37.1 mm)

2.82 (1.95, 4.08)8
1.56 (1.11, 2.20)
3.65 (2.53, 5.27)8
1.21 (0.86, 1.71)
3.94 (3.04, 5.11)8
1.19 (0.95, 1.50)
4.35 (3.16, 5.97)§
1.01 (0.79, 1.31)

2.74 (2.00, 3.74)
1.96 (1.37, 2.81)
421 (3.04, 5.83)§
1.23 (0.86, 1.76)
4.24 (3.28, 5.50)§
1.29 (0.96, 1.73)
3.58 (2.57, 4.99)8
1.61 (1.18, 2.19)

1.77 (1.14, 2.73)
1.12 (0.75, 1.69)
2.02 (131, 3.10)8
0.98 (0.66, 1.46)
1.76 (1.38, 2.24)§
1.19 (0.93, 1.53)
2.15 (1.71, 2.68)8
0.91 (0.72, 1.14)

2.93(2.17,3.97)8
0.79 (0.60, 1.03)
3.13 (212, 4.60)§
0.74 (0.53, 1.03)
1.94 (1.47, 2.56)§
1.27 (0.98, 1.66)
2.09 (1.66, 2.64)§
1.16 (0.91, 1.47)

1.21 (0.86, 1.69)
1.00 (0.70, 1.44)
1.32 (0.97, 1.79)§
0.92 (0.70, 1.20)
1.11 (0.91, 1.36)
1.14 (0.94, 1.38)
1.23 (0.94, 1.62)
0.98 (0.76, 1.27)

1.38 (1.10, 1.73)
1.16 (0.94, 1.45)
1.62 (1.22, 2.17)§
0.97 (0.76, 1.23)
1.22 (0.95, 1.56)
1.36 (1.12, 1.64)
1.36 (1.10, 1.69)
1.19 (0.96, 1.48)

HOMA-IR, homeostasis model analysis insulin resistance; LDL, low-density lipoprotein; TBF, total body fat; %BF, percentage body fat.

Data are odds ratios (95% confidence intervals).

* Multivariable adjusted for age, race/ethnicity, high school education, alcohol consumption, physical inactivity, and current and former

smoking.

T Each model had two measures of adiposity (e.g., waist circumference and TBF) included in the model.
+ LDL-cholesterol =130 mg/dL and/or use of cholesterol-lowering medication.

§ p < 0.05 for difference between two measures of adiposity.

sation. While measuring BIA may be important in some
settings, this study indicates waist circumference maintains
a stronger association with cardiovascular disease risk fac-
tors and, therefore, may be more valuable in most health
care and research settings.

Some participants’ skinfold measurements were larger
than could be measured with the calipers used in NHANES
III, and we considered those values to be 1 mm larger than
the largest respective skinfold measurement. Results were
nearly identical when skinfold measurements too large for
the calipers were set to 1 standard deviation higher than the
largest respective skinfold measurement. Additionally, the
analysis was repeated to determine the association between
triceps, subscapular, suprailiac, and thigh skinfolds sepa-
rately and cardiovascular disease risk factors after adjust-
ment for waist circumference, producing similar results.

Among the measures studied, waist circumference, a
measure of visceral fat, was the only one that considered the
regional distribution of adipose tissue on the body (29).

Although computed tomography is considered the gold
standard for measuring visceral fat, it is often too costly and
burdensome for use in large epidemiological studies and
routine clinical practice. Anthropometric measurements,
such as waist circumference, are currently the most reliable
and feasible method of measuring visceral fat in large
epidemiological studies and for routine clinical practice.

It has been suggested that visceral fat increases cardio-
vascular disease risk more so than subcutaneous fat because
of differences in vascular anatomy and metabolic activity.
Unlike subcutaneous fat, visceral fat is drained by the portal
venous system and has a direct connection with the liver,
resulting in an influx of free fatty acid availability in the
liver. In visceral fat, mobilization of free fatty acids is faster
because of higher lipolytic activity in visceral adipocytes,
resulting in higher free fatty acids in the systemic circula-
tion. Additionally, an influx of free fatty acid availability in
the liver decreases hepatic insulin extraction, resulting in
systemic hyperinsulinemia, and inhibits the suppression of
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glucose production by insulin. Furthermore, the influx of
free fatty acid availability leads to increased secretion of
very LDL-cholesterol. The resulting increase in hepatic
lipase activity results in the removal of lipids from LDL-
and HDL-cholesterol particles making them smaller and
denser, and decreased HDL-cholesterol levels (29,30).

In this study, waist circumference was measured at the
iliac crest. This is different than other large population-
based studies, such as the Framingham Heart Study and the
Atherosclerosis Risk in Communities Study, which mea-
sured waist circumference at the umbilicus (31,32). Various
waist circumference measurement sites have been found to
differ slightly in magnitude. Although all waist circumfer-
ence measures, regardless of site, are strongly associated
with visceral fat, the correlations with visceral fat at differ-
ent sites may differ in magnitude (33,34).

A major limitation of this study is the cross-sectional
nature of NHANES III. Therefore, caution should be taken
when making conclusions regarding the relative importance
of each measure of adiposity in the development of cardio-
vascular disease risk factors and coronary heart disease
incidence. An additional limitation in the continuous anal-
ysis is that the ORs for associations with a significant
curvilinear trend may be attenuated at one end and stronger
at the other end of the range of adiposity.

In a large nationally representative sample of U.S. adults,
waist circumference was a better predictor of cardiovascular
disease risk factors than BMI, TBF, %BF, or skinfold thick-
ness. The results of this analysis were consistent for multi-
ple cardiovascular disease risk factors and in several sets of
analyses. Therefore, strong consideration should be given
toward using waist circumference to assess an individual’s
risk for cardiovascular disease, especially considering the
ease of measurement and low cost. Based on these data,
waist circumference may provide the greatest value in
health care settings for assessing cardiovascular disease
risk.

Acknowledgment
There was no funding/outside support for this study.

References

1. D’Agostino RB Jr, Hamman RF, Karter AJ, Mykkanen L,
Wagenknecht LE, Haffner SM. Cardiovascular disease risk
factors predict the development of type 2 diabetes: the insulin
resistance atherosclerosis study. Diabetes Care. 2004;27:
2234-40.

2. Kenchaiah S, Gaziano JM, Vasan RS. Impact of obesity on
the risk of heart failure and survival after the onset of heart
failure. Med Clin North Am. 2004;88:1273-94.

3. World Health Organization. Obesity: preventing and man-
aging the global epidemic. Report of a WHO consultation.
World Health Organ Tech Rep Ser 2000;894:1-253.

4. Janssen I, Katzmarzyk PT, Ross R. Waist circumference
and not body mass index explains obesity-related health risk.
Am J Clin Nutr. 2004;79:379-84.

794 OBESITY Vol. 15 No. 3 March 2007

10.

11.

13.

14.

15.

17.

18.

. Wei M, Gaskill SP, Haffner SM, Stern MP. Waist circum-

ference as the best predictor of noninsulin dependent diabetes
mellitus (NIDDM) compared to body mass index, waist/hip
ratio and other anthropometric measurements in Mexican
Americans—a 7-year prospective study. Obes Res. 1997;5:
16-23.

. Foucan L, Hanley J, Deloumeaux J, Suissa S. Body mass

index (BMI) and waist circumference (WC) as screening tools
for cardiovascular risk factors in Guadeloupean women. J Clin
Epidemiol. 2002;55:990-6.

. Zhu S, Wang Z, Heshka S, Heo M, Faith MS, Heymsfield

SB. Waist circumference and obesity-associated risk factors
among whites in the third National Health and Nutrition
Examination Survey: clinical action thresholds. Am J Clin
Nutr. 2002;76:743-9.

. Birmingham B, Dyer AR, Shekelle RB, Stamler J. Sub-

scapular and triceps skinfold thicknesses, body mass index
and cardiovascular risk factors in a cohort of middle-aged
employed men. J Clin Epidemiol. 1993;46:289-302.

. Imeson JD, Haines AP, Meade TW. Skinfold thickness,

body mass index and ischaemic heart disease. J Epidemiol
Commun Health. 1989;43:223-7.

Jones CA, Klag MJ, Sakai Y, Itoh I, Comstock GW.
Skinfold thickness and cardiovascular risk factors in American
and Japanese telephone company executives. Int J Epidemiol.
1992;21:229-35.

Larsson B, Svardsudd K, Welin L, Wilhelmsen L, Bjorn-
torp P, Tibblin G. Abdominal adipose tissue distribution,
obesity, and risk of cardiovascular disease and death: 13 year
follow up of participants in the study of men born in 1913.
Br Med J (Clin Res Ed). 1984;288:1401-4.

. Lapidus L, Bengtsson C, Larsson B, Pennert K, Rybo E,

Sjostrom L. Distribution of adipose tissue and risk of cardio-
vascular disease and death: a 12 year follow up of participants
in the population study of women in Gothenburg, Sweden.
Br Med J (Clin Res Ed). 1984;289:1257-61.

Nakanishi N, Nakamura K, Suzuki K, Matsuo Y, Tatara
K. Associations of body mass index and percentage body fat
by bioelectrical impedance analysis with cardiovascular risk
factors in Japanese male office workers. Ind Health. 2000;38:
273-9.

Bonora E, Zenere M, Branzi P, et al. Influence of body fat
and its regional localization on risk factors for atherosclerosis
in young men. Am J Epidemiol. 1992;135:1271-8.

Tseng CH. Body composition as a risk factor for coronary
artery disease in Chinese type 2 diabetic patients in Taiwan.
Circ J. 2003;67:479—-84.

. Richelsen B, Pedersen SB. Associations between different

anthropometric measurements of fatness and metabolic risk
parameters in non-obese, healthy, middle-aged men. Int J
Obes Relat Metab Disord. 1995;19:169-74.

No authors listed. Plan and operation of the Third National
Health and Nutrition Examination Survey, 1988-94. Series 1:
programs and collection procedures. Vital Health Stat 1 1994:
1-407.

Chumlea WC, Guo SS, Kuczmarski RJ, et al. Body com-
position estimates from NHANES III bioelectrical impedance
data. Int J Obes Relat Metab Disord. 2002;26:1596—6009.



Waist Circumference and Risk Factors, Menke et al.

19.

20.

21.

22.

23.

24.

25.

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.

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. Diabetologia.
1985;28:412-9.

National Cholesterol Education Program. Third Report of
the National Cholesterol Education Program (NCEP) Expert
Panel on detection, evaluation, and treatment of high blood
cholesterol in adults (Adult Treatment Panel III) final report.
Circulation 2002;106:3143-421.

Bunout D, Rueda E, Aicardi V, Hidalgo C, Kauffmann R.
Influence of body fat and its distribution on cardiovascular
risk factors in healthy subjects. Rev Med Chil. 1994;122:123—
32.

Sun G, French CR, Martin GR, et al. Comparison of mul-
tifrequency bioelectrical impedance analysis with dual-energy
X-ray absorptiometry for assessment of percentage body fat in
a large, healthy population. Am J Clin Nutr. 2005;81:74-8.
Fornetti WC, Pivarnik JM, Foley JM, Fiechtner JJ. Reli-
ability and validity of body composition measures in female
athletes. J Appl Physiol. 1999;87:1114-22.

NIH Consensus Statement. Bioelectrical impedance analysis
in body composition measurement. National Institutes of
Health Technology Assessment Conference Statement. Nutri-
tion. 1996;12:749-62.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Sun SS, Chumlea WC, Heymsfield SB, et al. Development
of bioelectrical impedance analysis prediction equations for
body composition with the use of a multicomponent model for
use in epidemiologic surveys. Am J Clin Nutr. 2003;77:331-
40.

Kyle UG, Bosaeus I, De Lorenzo AD, et al. Bioelectrical
impedance analysis—part II: utilization in clinical practice.
Clin Nutr. 2004;23:1430-53.

Kyle UG, Bosaeus I, De Lorenzo AD, et al. Bioelectrical
impedance analysis—part I: review of principles and methods.
Clin Nutr. 2004;23:1226-43.

Wajchenberg BL. Subcutaneous and visceral adipose tissue:
their relation to the metabolic syndrome. Endocr Rev. 2000;
21:697-738.

Chan DC, Barrett HP, Watts GF. Dyslipidemia in visceral
obesity: mechanisms, implications, and therapy. Am J Cardio-
vasc Drugs. 2000;4:227—46.

Harris MM, Stevens J, Thomas N. Associations of fat dis-
tribution and obesity with hypertension in a bi-ethnic popula-
tion: the ARIC study. Obes Res. 2000;8:516-24.

Fox CS, Yang QY, Cupples A, et al. Sex-specific associa-
tions between estrogen receptor-cc gene variation and mea-
sures of adiposity: the Framingham Heart Study. J Clin En-
docrinol Metab. 2005;90:6257-62.

Wang J, Thornton JC, Bari S, et al. Comparisons of waist
circumferences measured at 4 sites. Am J Clin Nutr. 2003;77:
379-84.

Warren M, Schreiner PJ, Terry JG. The relation between
visceral fat measurement and torso level—is one level better
than another. Am J Epidemiol. 2006;163:352-8.

OBESITY Vol. 15 No. 3 March 2007 795



